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Unwanted tachycardia and palpitation can best be avoided 
by using the agent least likely to exert direct cardiotonic 
action. Isoetharine, the bronchodilator in Bronkosol, acts 
preferentially on Beta? receptors — those involved with 
bronchodilation. It has shown less affinity for those involved 
in cardiostimulation — Beta]. 

Bronkosol provides potent bronchodilation with a lower 
order of direct cardiotonic action. The decongestant action 
of phenylephrine further decreases airflow obstruction. This 
means Bronkosol relaxes bronchospasm, reduces mucosal 
edema, increases ventilatory function and improves effort 
tolerance. Yet cardiac stimulation and other Beta] side 


effects are reduced. Too frequent use may cause tachycard:- ~ 


sor palpitations as with other sympathomimetic amines. 


Relative effects on Adrenergic Receptors ** 
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For use in Hand Nebulizer, IPPB,O2 nebulization in 


asthma, chronic bronchitis, emphysema’ 
(See Indications section) 




















Method of Usual 
Administration Usual Dose Range Dilution 
4 3-7 
Hand Nebulizer inhalations inhalations Undiluted 
Oxygen 1:3 with 
Aerosolization t saline OF 
other diluent 






1:3 with 
saline or 
other diluent 






IPPB ++ 


+Administered with oxygen flow adjusted to 4 to 6 liters/minute over a period of 
£15 to 20 minutes. May be administered simultaneously with other therapeutic 
agents such as antibiotics or wetting agents. 


i ttUsually an inspiratory flow rate of 15 liters/ minute at a cycling pressure of 15 
cm H20 is recommended. It may be necessary, according to patient and type of 
IPPB apparatus, to adjust flow rate to 6 to 30 liters per minute, cycling pressure to 
10-15 cm H20, and further dilution according to needs of patient. 


~ac -hronic bronchitis or emphysema. Final classi 


Bronkosol 


Dilabron" (brand of isoetharine) HCI 1.0%; phenylephrine HC! 0.25%; in an aqueous- 
glycerin solution containing saccharin sodium with sodium chloride, sodium citrate, 
sodium bisulfite 0.3%, methylparaben 0.025%, and propylparaben 0.014% as 
preservatives 


As originally marketed, Bronkosol contained thenyldiamine hydrochloride 
0.10%. The present formulation has been revised to delete that ingredient. 





* INDICATIONS: Based on a review of Bronkosol by the National 
Academy of Sciences-National Research Council and/or other infor- 
mation, FDA has classified the indications as follows: 

“Probably” effective for the acute relief of bronchial asthma and 
other conditions in which bronchospasm is a com ih at factor, such 


cation of less-than- 
:ective indications requires further investigation. 


ZONTRAINDICATION: Hypersensitivity to any ingredient. 


WARNINGS: Excessive use of an adrenergic aerosol should be discourage: 
as it may lose effectiveness. Occasional patients have been reported to 
develop severe paradoxical airway resistance with repeated excessive use c 
en aerosol adrenergic inhalation preparation. In such instances the use of 
the aerosol adrenergic should be discontinued immediately and alternative 
therapy instituted. Cardiac arrest has been noted in several instances. 

Should not be administered along with epinephrine or other sympa- 
thomimetic amines, since these drugs are direct cardiac stimulants and 
may cause excessive tachycardia. They may, however, be alternated if 
desired. 


USE IN PREGNANCY: Although there has been no evidence of terato- 
genic effects with these drugs, use of any drug in pregnancy, lactation, or in 
women of childbearing potential requires that the potential benefit of the 
drug be weighed against its possible hazard to the mother or child. 


PRECAUTIONS: Dosage must be carefully adjusted in patients with 
hyperthyroidism, hypertension, acute coronary disease, cardiac asthma, 
limited cardiac reserve, and in individuals sensitive to sympathomimetic 
amines, since overdosage may result in tachycardia, palpitation, nausea, 
headache, or epinephrine-like side effects. 


ADVERSE EFFECTS: Although Bronkosol is relatively free of toxic side 
effects, too frequent use may cause tachycardia, palpitation, nausea, head- 
ache, changes in blood pressure, anxiety, tension, restlessness, insomnia, 
tremor, weakness, dizziness and excitement as is the case with other 
sympathomimetic amines. 


DOSAGE AND ADMINISTRATION: Oral inhalation. Can be administered 
by hand nebulizer, oxygen aerosolization, or intermittent positive pressure 
breathing (IPPB). Usually treatment need not be repeated more often than 
every four hours, although in severe cases more frequent administration 
may be necessary. 


HOW SUPPLIED: Bronkosol* for inhalation — bottles of 10 ml. 
(Code No. 1711). 


-BREON BREON LABORATORIES INC. 
90 Park Avenue, New York, N.Y. 10016 


isoetharine 1.0%: phenylephrine HCI 0.25% 
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Alphanumeric display 
of patient and pump status 
utilizing two micro-computers. 






Slide controls 


INTRA-AORTIC BALLOON PUMP Tet 
viet for proper timing. 


(tb Starc? 









Three-color 0 LE a 
wave form scope BEES dui erem 
simplifies monitoring 


with increased 
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Optional stripchart records a 


arterial pressure, ECG or 
continuous on-line cardiac output. 


Thenew | 
AVCO intra-aortic 
balloon pump... 


sophisticated simplicity 


with the exclusive AVCOTHANE® Tri-Segment!™ Balloon, the most 

widely used in the world, (over 11,000 cases). Advanced technology simpli- 

fies the use of IABP counter-pulsation—a major advance in cardiac instru- 
mentation.Redundant safety features provide for quiet trouble-free operation 

— with minimum attention and greater patient safety. 

Your request for demonstrations in clinical or experimental setting, are 

sincerely encouraged. 

DISTRIBUTED AND SERVICED BY ROCHE MEDICAL ELECTRONICS INC. ROCHE» 

SUBSIDIARY OF HOFFMAN-LAROCHE INC., CRANBURY, NJ 08512 (609) 448-1200 

IN EUROPE: KONTRON INTERNATIONAL, BERNERSTR,-SUD 169, 8048 ZURICH, SWITZERLAND 1-62 92 62 
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Chest Drainage... 
Safe and Simple 


Simplifies chest drainage procedures while 
providing safety features for the 
patient not found even in highly _ 
complex and expensive units. Æ 

9$. 


: Prevents progressive 
resistance to drainage. 


: Eliminates 
foaming problem. 


: Allows early 
unassisted 
ambulation 
of patient. 


| Fer additional information contact 
your Sherwood representative 


or write Dept. B.E. / 
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Preparation of Manuscript 


Illustrations 


Credits and Permissions 


Reprints 


INFORMATION FOR AUTHORS 


Original manuscripts on thoracic, cardiac, and peripheral vascular surgery will be considered for 
publication in The Annals of Thoracic Surgery with the understanding that they be submitted only to 
this journal. Send manuscripts preferably by certified or registered mail to Herbert Sloan, M.D., 
Editor, The Annals of Thoracic Surgery, C-7173 University Hospital, Ann Arbor, MI 48104. 


The Annals welcomes correspondence. Letters are reviewed according to the same standards as other 
contributions. Unsigned letters cannot be published. 


Type entire manuscript double-spaced on standard-sized paper, using standard margins. Number 
pages consecutively in this order: title page, abstract, text, references, tables, legends. Place author's 
name and page number in the upper right corner of each page. Submit original typescript and 
duplicate with duplicate illustrations; retain a copy of the typescript. Provide an abstract of approxi- 
mately 150 words for an original article or collective review. Abstracts for case reports, notes, and 
"how to do it” articles may be shorter. 


Page Charges. Original articles exceeding a maximum of 9 printed pages are subject to an overage 
charge of $100 per page. There are approximately 700 words on one printed page of The Annals. A 
standard elite type, double-spaced typewritten page with 11⁄2” margins all around contains about 250 
words. Therefore, to stay within the maximum limit, manuscripts should contain no more than 25 
typed pages, including references, and proportionally less if figures and tables are included. 


Title Page. Give the paper a brief title. On page 1 of the manuscript give names of all authors, highest 
degree, institutional affiliations (limit to two), and location. Provide address for mailing proofs and 
indicate to whom reprint requests should be sent. 


Text. Provide succinct internal headings to clarify the paper's organization. Type footnotes on the 
manuscript page where cited. Cite tables and illustrations by number in the text. Give all weights and 
measures in metric units. 


Case Reports. Limit findings to those pertinent to the case. Negative findings that are not relevant 
should be omitted. 


References. Type double-spaced on pages separate from the text. Arrange alphabetically by author 
and number in sequence. Cite in text by number within brackets. Double-check to ensure accuracy. 
Use Index Medicus style, giving complete publication data. Examples: 


Journal article: Grondin CM, Meere C, Castonguay YR, et al: Blood flow through aorta-to- 
coronary bypass grafts and early postoperative patency: a study of 100 patients. 
Ann Thorac Surg 12:574, 1971 
Book: Baum G: Textbook of Pulmonary Diseases. Second edition. Boston, Little, 
Brown, 1974 
Chapter in book: Nardi GL: The thorax, Surgery. Third edition. Edited by GL Nardi, GD Zuidema. 
Boston, Little, Brown, 1971, p 249 


Tables. Limit the number of tables, restrict them to material best presented in tabular form, and hold 
length to one manuscript page if possible. Type double-spaced on pages separate from the text. 
Provide a brief title for each table. 


Illustration Legends. Type double-spaced on pages separate from the text. Do not paste or fasten to the 
illustrations. Provide one legend for each illustration or grouped illustrations and number in se- 
quence. 


The Annals can consideronly a limited number of illustrations per paper without special arrangement. 
Submit original artwork or unmounted original glossy prints (individual parts separate) in black and 
white. (Color may be used only by special arrangement and is subject to extra charges.) A line 
drawing that contains no shading or wash can be reproduced well from a glossy photograph. A line 
drawing with shading, however, can be best reproduced from the original drawing. Illustrative 
material must be of good quality, suitable for reproduction and for reduction as necessary to page 
size. Chest roentgenograms should be no smaller than 13 x 18 cm. Identify by number in sequence 
and by author's last name by writing lightly with soft pencil on the back. Indicate top of illustration. 
Accompany photographs of recognizable persons by a signed release from the subject. All 
illustrations should be submitted in duplicate. Do not use paper clips to attach illustrations. 


Color Illustrations. Color figures of real value to an article will be considered for publication. Part of 
the reproduction and printing costs will be borne by The Annals; the author must be prepared to pay 
$350 for up to six finished illustrations that will fit on one side of a single page, and for any 
additional figures or special effects. Positive 35 mm color transparencies must be submitted for 
evaluation; color prints should not be sent without transparencies. The slides should be packed 
carefully and sent with the manuscript, in a separate container or between two sheets of cardboard. 
(Glass-mounted slides should not be sent through the mail.) 


Obtain and submit with the manuscript written permission to use nonoriginal material (quotations 
exceeding 100 words, any table or illustration) from both author and publisher of the original. 


Reprints should be ordered before publication on the form supplied the author with proofs. Reprints 
ordered after the press run has been completed will be provided at increased cost. 
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When she needed 


a lithium pacemaker 
back in 1972, CPI 
had it ready 


CPI was there 4 years ago, when a reliable 
lithium-powered pacemaker was needed. It was 
CPI that pioneered the successful use of lithium 
pulse generators for cardiac pacing. As a result, 
since 1972, physicians have used CPI pacemakers 
for effective long-term patient treatment in over 
12,000 men, women and children. 


CPI lithium pacemaker technology has had 

more successful clinical experience than any other 
lithium pulse generator in the industry and is 
already into its second generation. 


This second generation is MINILITH® It is one 

of the smallest, lightest, lithium-powered pacemakers 
available for clinical use today. Since 1974, there 
have been rnore than 2,000 documented implants 
The MINILITH, with its reliable lithium power 
source, is warranteed for 4 years. Its hybrid circuitry 
is built to meet rigid performance standards 
redundant hermetic sealing ensures total isolation 
from the body's moist, hostile environment 


MINILITH's compactness and lighter weight 

assure patient comfort. At the same time, CPI's 
technology, high quality assurance standards, and 
years of experience provide the physician with 
ensured pacemaker longevity and dependable 
reliability. And a potentially longer, more comfortable 
life for the patient 


That's been the primary benefit since we pioneered 
lithium pacemakers, back in 1972. 


...Of the three 

major pacemaker 
companies, 

CPI is No. 1 in lithium. 





® 


CARDIAC PACEMAKERS, INC. 


4100 NORTH HAMLINE AVENUE 
ST. PAUL, MINNESOTA 55112 U.S.A 





TELEPHONE: (612) 631-3000 
CABLE: CARDIAPACE, ST. PAUL/TELEX 29-7049 


Clinical data available upon request 
© 1976 Cardiac Pacemakers Inc 








YOCARDIAL REVASCULARIZATION 


entin R. Stiles, M.D. 
arnard L. Tucker, M.D. 
orge G. Lindesmith, M.D. 
rt W. Meyer, M.D. 





every subscriber to THE ANNALS will want 


to own this beautiful hook 


This authoritative new book synthesizes the information necessary 
to plan and perform safe and effective myocardial revascularization. 


The authors, who have performed more than 1500 such operations 
with one- to five-year follow-up, draw on their extensive experience 
to present this definitive reference and atlas. 


The table of contents reprinted below and the sample illustrations 
above and on the facing page show how unusual the book is. 
Essential background information is provided in the first three 
chapters with emphasis on normal anatomical and circulatory vari- 


ations. A chapter appendix containing 25 representative angiograms 


and left ventriculograms, accompanied by an artist's pictorial 
description of the coronary anatomy and pathology, provides a com- 
prehensive view of landmarks and vessel patterns. 


Selection of patients, step-by-step guidelines for the technical 
maneuvers of the bypass, and the vascular procedures themselves 
are covered in detail. The chapter on postoperative care offers a 
unique checklist of points to consider and measures to be instituted 
for the patient who is not responding as well as expected. A final 
chapter provides figures on the long-term results of some 1500 of 
the more than 2000 bypass operations performed by the authors, 
describing operative mortality and complications. 


To order a copy of this landmark work and major reference, simply 
fill in and mail the order form below. 


165 pages, profusely illus- 
trated with 64 line drawings, 
35 halftone line combinations, 
and 4 two-color drawings 


CONTENTS 


Coronary Arteriosclerosis: The Problem and 
the Surgical Challenge 

Coronary Artery Anatomy, Physiology, 
Anomalies, and Pathology 

Coronary Angiography and Left Ventriculograp 
Selection of Patients for Operation, 
Selection of Arteries for Grafting 
Cardiopulmonary Bypass: The Apparatus 
and Techniques 

Vascular Techniques 

Postoperative Care 

Follow-up Studies: The Results of Operation 
Index 


ORDER FORM/CLIP AND SEND TOD 


TO: Little, Brown and Company 
Medical Division 
34 Beacon Street 
Boston, MA 02106 


Please send me a copy of MYOCARDIAL 
REVASCULARIZATION (#815004) on 30-da 
approval 

If not completely satisfied, | understand tha 
| can return the book and owe nothing. 








City State/Zip 
a Bill me. g Check enclosed. 


If check acompanies order, publisher pays 
postage and handling. 











Announcing the Datascope Pulsatile 
Assist Device. (PA.D) 





[he first device that produces pulsation 
and counterpulsation from 


your heart-lung 


It has long been recog- 
ized that pulsatile perfusion 
s better physiologically for 
he organs and for the microcir- 
-ulation than the steady flow 
jJelivered by the arterial pumps 
of existing heart-lung 
nachines."> ? 

We are proud to announce 
he first clinical device to suc- 
:essfully produce atraumatic, 
xulsatile flow: The Datascope 


Pulsatile Assist Device (P A.D.). 


The Datascope P. A.D. 
loes this by converting the con- 
1nuous flow of the roller pump 
o pulsatile flow. This pulsatile 
low can also be synchronized 


with the heartbeat. If the heart 


s fibrillating, the P. A.D. can 
»roduce a pulsatile flow at 








machine without 
additional surgery. 


System 80 | 
Intra-Aortic Balloon 
Pump Console 

0 
——— 

— aummumi- 

_ || Less 

) 


selected physiologic rates. 

The B A.D. can also pro- 
vide counterpulsation both be- 
fore and after cardiopulmonary 
* bypass. Which means you can 

now perform counterpulsation 
without the need for an intra- 
aortic balloon and additional 
surgery. 

The P. A.D. consists of a 
disposable avalvular balloon 
housed in a rigid plastic cylin- 
der which is inserted into the 
arterial line of the heart-lung 
machine. Blood flows from the roller 
pump through the balloon into the aorta. 
Synchronized pulsation of the balloon is 
produced by the pneumatic action of the 
Datascope System 80 Balloon Pump. 

Clinical use of the P. A.D? has dem- 
onstrated a marked increase in urinary out- 
put and coronary graft blood flow. And a 
marked decrease in the peri-operative 
myocardial infarction rate. 

In addition, there was no significant 


CLINICAL REFERENCES 1. Wilkins, H., et al, “The Physiologi 
Pulsatile and Nonpulsatile Flow During Cardiopulmonary Bypass: 
37:1000, 1976. 3. Bregman, D., et al, 
* Patent Pending 





nportance of Pulsatile Blood F 
on Left Ventricular Ejection 


pass c Fraction Early Af 
Counterpulsation with a New Pulsatile Assist Device (PAD) in Open-Heart Surgery," Medica! Instrumentation, 10: 232, 1976 





increase in hemolysis. 

For further information on the 
Datascope P. A.D., or to arrange for a visit 
by one of our technical representatives, 
write or call: Datascope Corp., 580 Winters 
Avenue, Paramus, New Jersey 07652. Tel. 
(201) 265-8800 or Datascope B.V., 
Kyftenbeltlaan 6, Hoevelaken, Holland. 
Tel. 03495-4514. 


The Datascope PA.D. 





ow" New England Journal of Medicine, 267:443, 1962. 2. Madoux, G., et al, “Effe 
ter Aortocoronary Bypass Surgery," American Journal of Cardiology 





Only 


ETHIBOND 


POLYESI ER SUTURE 
has polybutilate 


Ihe first coating designed for surgery 











All coated sutures available until now have been coated with 
commercial lubricants. ETHIBOND suture, a braided polyester, is 
coated with polybutilate, also a polyester but developed specifically 
for surgical use. 

Since polyester coating has a natural affinity for polyester 
braid, a strong cohesive attraction forms — and minimum polybutilate 
is required for maximum lubrication. Each suture is uniformly coated 
according to size, virtually eliminating any possibility of the lubricant's 
flaking, shredding or beading. Thus, ETHIBOND suture exhibits less 
tissue reaction compared to sutures which tend to exfoliate their coating. 

With its minimum polybutilate coating, ETHIBOND suture 

| has a soft, pliable hand — easy to tie and knot It passes through tissue 
* with an ease that can be compared to monofilament suture materials. It 
has high tensile strength, and retains its strength in vivo. 

ETHIBOND suture is available in a full range of sizes, in 
precut unthreaded sutures or swaged to Super-Smooth needles 
specifically designed for cardiovascular surgery. 

The cardiovascular surgeon who prefers braided sutures will 
find the smoothness, strength and minimal reactivity of ETHIBOND 
suture of value in valve replacements, graft-to-tissue anastomoses and 
revascularization procedures. 


ETHICON 








*Trademark (See next page for complete product information.) © ETHICON, INC. 1976 


COMPLETE PRODUCT INFORMATION 





ETHIBOND* 


POLYESTER SUTURE 


NONABSORBABLE 
SURGICAL SUTURE, U.S.P. 


DESCRIPTION 

ETHIBOND suture is nonabsorbable, braided, polyester 
(polyethylene terephthalate or MERSILENE™ polyester) fiber 
uniformly coated with polybutilate, or poly [oxy-1, 
4-butanediyloxy (1,6-dioxo-1,6-hexanediyl)]. The highly adher- 
ent coating is a biologically inert, nonabsorbable compound 
which acts as a lubricant to mechanically improve the physi- 
cal properties of the uncoated suture by improving ease of 
passage through tissues and by providing overall improved han- 
dling qualities as contrasted to the braided, uncoated fiber. 


ETHIBOND sutures are sterile, inert, and elicit minimal tissue 
reaction. They are braided for optimal handling properties, 
and for good visibility in the surgical field the dyed sutures are 
colored with D&C Green No. 6. 


ACTIONS 

ETHIBOND sutures are strong, nonabsorbable sutures: sub- 
cutaneous tissue implantation in rats shows that no signific- 
ant change in the retention of tensile strength of the suture 
occurs during the entire evaluation period of 180 days. Both 
the polyester fiber suture material and the polybutilate coating 
are pharmacologically inactive. 


INDICATIONS 
ETHIBOND suture is intended for use as a nonabsorbable 
suture. 


CONTRAINDICATIONS 


None 


WARNINGS 
ETHIBOND polyester sutures have not been evaluated in 
ophthalmic surgery. 


Do not resterilize. 
PRECAUTIONS 
As with all sutures, acceptable surgical practice must be fol- 


lowed with respect to drainage and closure of infected 
wounds. 


Knot security requires the standard surgical technique of flat 
and square ties, with additional throws if indicated by surgical 
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Two-year carcinogenicity studies in Long-Evans rats demon- 
strated no carcinogenic potential. 


ADVERSE REACTIONS 

Slight erythema and/or induration at suture sites have been 
reported in approximately 2% of the patients in whom 
ETHIBOND sutures have been used, a not unexpected reaction. 
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Use as required per operation. 


HOW SUPPLIED 

ETHIBOND sutures are available sterile as green braided and 
undyed (white) strands in sizes 5 to 7/0 in a variety of lengths, 
with and without needles, in one and three dozen units. 
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Sequential Anastomoses in Coronary 


Artery 


Grafting: Technical Aspects and Early 


and Late Angiographic Results 


Claude M. Grondin, M.D., and Raymond Limet, M.D. 


ABSTRACT The present study concerns itself with 
the early and late results obtained with aortocoronary 
vein grafts containing more than 1 coronary anas- 
tomosis per graft. The surgical technique is described 
in detail and some of the hazards are outlined. It is 
apparent that the use of side-to-side anastomoses 
(SSAs) leads to a marked increase in blood flow in the 
proximal portion of the graft (average flow, 131 ml/ 
min) and also increases the patency rate of the prox- 
imal anastomosis. Thus, 3 of 51 SSAs were obstructed 
on the early angiogram, and only 1 of the 28 SSAs 
restudied at one year had become occluded. Although 
the cumulative—early and late—patency rate (55/66, 
or 83.3%) of the distal end-to-side anastomoses 
(ESAs) was not significantly better than that usually 
seen with conventional vein grafts, it is believed that 
improvement in the technique and greater awareness 
of some of its pitfalls will further decrease the occlu- 
sion rate of distal ESAs. Most occlusions of the ESA 
appeared related to angulation, which tended to 
occur in the segment of graft between the proximal 
and the distal anastomoses. Appropriate modifi- 
cations in the technique are described that should 


help to eliminate this difficulty. 


The use of SSAs also allows for grafting of small 
coronary arteries which, with the conventional single 
anastomosis technique, are not usually bypassed in 
view of the high expected failure rate. Thus, of the 9 
SSAs performed to 1 mm arteries and studied on two 
occasions, 8 remained open early after operation and 
7 were still patent a year later. 


Aortocoronary vein grafts can now be regarded 
as a most effective mode of therapy for coronary 


From the Department of Surgery, Montreal Heart Institute, 
Montreal, Que, Canada. _ 


Supported in part by the Jean-Louis Lévesque Foundation. 
Accepted for publication Apr 16, 1976. 


Address reprint requests to Dr. C. M. Grondin, Depart- 
ment of Surgery, Montreal Heart Institute, 5000 E Belanger 
St, Montreal, Que H1T 1C8, Canada. 


occlusive disease; indications for these grafts 
and their limitations have been the subject of 
recent reviews [4, 7]. It is recognized, however, 
that in a fair number of cases myocardial revas- 
cularization remains incomplete due to occlu- 
sion of grafts to arteries of small caliber, or to the 
fact that these arteries are not grafted. In such 
circumstances, some authors have suggested the 
use of side-to-side anastomoses (SSAs) in the 
grafting of small coronary arteries [2, 11, 17] or 
arteries with limited runoff. Indeed, suturing a 
secondary coronary branch in a side-to-side 
fashion to a graft already planned for a larger 
coronary artery might increase the overall graft 
flow and diminish the chance for occlusion, 
while providing the smaller territory with a 
short graft—of virtually zero length—in which 
velocity of flow, although theoretically di- 
minished, would play little role [6]. 

The purpose of this report is to describe the 
technique of side-to-side anastomosis and the 
results obtained with the use of these anas- 
tomoses in a series of 40 consecutive patients in 
whom angiographic evaluation was obtained 
early and late after operation. 


Material and Methods 


The purposes of the SSA were: (1) to diminish 
the length of saphenous vein needed in patients 
requiring multiple grafts; (2) to increase flow in 
the gra*t and thereby improve its patency rate; 
and (3) to allow revascularization of myocardial 
segments which, due to limited arterial runoff 
and high expected failure rate, would otherwise 
not be revascularized. For the technique to be 
valuable, the patency rate of the SSAs should be 
higher than would be anticipated in arteries of 
small caliber and expected low flow, and that of 
the end-to-side anastomoses (ESAs) made onto 
arteries of larger caliber should not be lower 
than the patency rate expected with single grafts 
to these arteries. 


2 The Annals of Thoracic Surgery Vol 23 No 1 January 1977 


Technique of Side-to-Side Anastomosis 


The SSA should be fashioned prior to the mak- 
ing of the distal ESA, as it is the more tedious: 
good exposure of both rims of the venotomy is 
mandatory, as the latter is usually short in SSAs. 
Ideally, the venotomy is made parallel to the 
long axis of the vein. Its length may then be 
unlimited. When made perpendicular to the 
vein axis, the venotomy is kept short—ie, about 
one-third of the circumference of the vein—in 
ordertoavoid the” sea gull” deformity on the dor- 
sum of the graft (Fig 1). Usually the venotomy 
lies at a 15- to 25-degree angle from the long axis 
of the vein, as in the common combination of a 
diagonal and left anterior descending (LAD) 
graft, or a posterolateral branch of the circumflex 
(Cx) and right coronary artery (RC A) graft. In the 
grafting of two branches of the Cx, the vein is 
incised parallel to its long axis and is sutured to 
the artery in a transverse manner, creating a 
diamond-shaped anastomosis [15]. (This tech- 
nique was adopted only following the present 
study.) A graft with a diamond type of SSA can 


Fig 1. Deformity that may be created at the 
side-to-side anastomosis when adventitia is noi 
cleaned off the vein and excess tissue is dragged into 
the anastomosis (above) or when the venotomy is 
perpendicular to the axis of the vein and encompasses 
more than one-third of its circumference (below). 
Both conditions lead to flattening of the dorsum of the 
vein, the so-called sea gull deformity. 








turn in almost any direction from that point 
without kinking, as it swivels on a three-point 
basis as opposed to a single point for a conven- 
tionally fashioned SSA (Fig 2). Both incisions on 
the artery and vein are kept short since landing 
of the latter on the artery is usually parallel. Such 
is not the case for the distal anastomosis, where 
the venotomy and arteriotomy must be long to 
allow for a tangential landing [18]. 


The Distal End-to-Side Anastomosis 


Because of its anchoring at the site of the prox- 
imal SSA, the vein reaches the distal anas- 
tomosis with a particular angle and with some 
loss in mobility. Specific steps must be taken to 
avoid compromising the often more important 
distal anastomosis. These steps are outlined in 
Figures 3 and 4. 


The Aortic Anastomosis 


For RCA- Cx and diagonal-LAD combinations, 
the graft is anastomosed on the anterior surface 
of the aorta. At times, for Cx-Cx or high 
diagonal-LAD combinations, the graft has to 
veer off high on the myocardium, near the left 
atrial appendage, on its way to the anterior as- 
pect of the aorta. This may create an acute angle 
at the proximal anastomosis or at the apex of the 
curve (Fig 5). In order to avoid such angulation 
[14], the graft is made to course behind the main 
pulmonary artery and the aorta—in the trans- 
verse sinus—and is anastomosed on the right 
anterior aspect of the aorta with the apex of the 
graft oriented upward and to the left. As will be 
seen, this maneuver may prevent angulation at 
the site of the SSA and thus assure patency of the 
distal graft. 


Results 


This study includes 140 patients who had 1 or 
more SSAs utilizing the saphenous vein as a 
coronary artery bypass conduit. A total of 120 
patients received a graft with a single SSA, 10 
had 2 grafts each with a single SSA, 4 had 1 graft 
with a double SSA, 3 had a graft with a triple 
SSA, and 3 had 1 graft with a double SSA and 
another with a single SSA. The total number of 
SSAs in these 140 patients was therefore 166. 
Additional vein grafts with single anastomoses 
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Fig 2. Diamond-shaped side-to-side anastomosis. 
When the artery and vein are perpendicular to each 
other, the venotomy is made perpendicular to the 
axis of the artery (A) and is sutured parallel to that 
axis (B), creating a diamond-shaped anastomosis 
[15]. Graft diameter thus widens at the anastomotic 
site rather than shrinking, as when the venotomy and 
arteriotomy are made and sutured parallel to each 
other (C, D). Furthermore, when the graft must veer 
off sharply near the diamond-shaped anastomosis, it 
swivels around a three-point base (arrow in B) and 
will not kink as it may in the conventional parallel 
anastomosis, where it swivels around a single anchor 
point (arrow in D). 


were performed in these patients, so that the 
number of anastomoses per patient was 3.3. 
Table 1 shows the various combinations of ar- 
teries grafted with a single vein. The most com- 
mon combination by far was that of a 
diagonal-LAD graft, and the next was a Cx-Cx 
bypass. | 


Blood Flow Measurements in SSAs 


Blood flow studies were conducted in 107 of the 
140 patients. Although flow was measured in all 
cases, several measurements could not be ac- 
cepted, as the separation of flow, for instance, in 
a RCA-Cx combination was obtained only 





through lifting or displacing the heart with sub- 
sequent induction of hypotension or arrhyth- 
mia. 

Graft flow in these 107 patients with single or 
multiple SSAs averaged 131.7 ml/min (+ 55.4). 
Flow averaged 69.8 ml/min (+ 46.9) in the SSAs 
and 69.0 (+ 33.1) in the ESAs. As expected, the 
larger the size of the artery grafted in a side-to- 
side fashion, the greater the flow. Thus, flow in 
oSAs averaged 32 ml/min in grafts to 1 mm ar- 
teries, 72 ml/min in those to 1.5 mm arteries, and 
83 ml/min in grafts to 2 mm arteries. However, 
no correlation could be established between 
severity of stenosis in an artery grafted side-to- 
side and blood flow through that anastomosis; 
nor could we prove a relationship between the 
ratio of blood flow through the SSA over that 
through the ESA when both grafted arteries com- 
municated as branches of the same coronary sys- 
tem (eg, diagonal-LAD). 

Of the 166 SSAs, 40 (2496) were made to ar- 
teries 1 mm in diameter, 108 (65%) to 1.5 mm 
arteries, and 18 (11%) to arteries of 2 mm caliber. 
Thus, as experience increased, the use of SSAs 
was not limited to small arteries but was ex- 
tended to large caliber arteries. 
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Graft 


Fig 3. The distal anastomosis. To allow for proper 


tangential landing of the graft on the artery, both the 


venotomy and the arteriotomy must be long. Note 


that in a diagonal-LAD combination, anchoring on 


the diagonalin a plane posterior and lateral to the 
LAD causes the graft to cross the artery at a certain 
angle. The venotomy must reflect this angle and is 


begun posteriorly at six o'clock and directed laterally 


toward nine o'clock so that the LAD ts made to 
branch off the side of the graft rather than coming 
from underneath it. — 


Fig 4. The advantage, in a diagonal -LAD 
combination, of lowering the site of landing of the 
graft on the LAD is shown. The angle between the 
graft and arteries is decreased at both sites of 
anastomosis. 








Angiographic Results 

The first 40 patients in this series of 140 under- 
went early angiographic evaluation, and 27 of 
them returned one year later for a second study 
(Table 2). 

The 40 patients studied at two weeks had a 
total of 44 grafts with 1 or more SSAs. Of the 44 
grafts, 39 had 1 SSA, 3 had 2 SSAs, and 2 had 3 
SSAs. The total number of SSAs in these 44 
grafts was therefore 51. The addition of the 44 
distal ESAs which, of necessity, were performed 
in these 44 grafts raises the total number of anas- 
tomoses available for study to 95. 

Of the 39 grafts with a single SSA, 6 showed 
occlusion of the ESA and 1 had occlusion of both 
the ESA and the SSA (occlusion rate of ESAs, 
17.9% [7/39]; of SSAs, 2.6% [1/39]). 

Of the 3 grafts with double SSAs, 1 lost 1 SSA 
and the ESA and the other 2 grafts remained 
patent at all 3 anastomoses. Of the 2 grafts with 
triple SSAs, 1 lost its ESA plus 1 SSA and the 
other graft was patent throughout. The total 
number of occluded anastomoses in this group 
of grafts with more than 1 SSA was 23.5% (4/17), 
an attrition rate higher than that of grafts with a 
single SSA—10.3% (8/78). 

On the other hand, when one considers only 
the number of totally occluded grafts (occlusion 
of all anastomoses of 1 graft), the attrition rate in 
all 44 grafts is much lower (1/44, or 2.3%) than 
the occlusion rate of all anastomoses (12/95, or 
12.6%). The early occlusion rate of all SSAs was 
much lower than that of the ESAs: 5.9% (3/51) 
versus 20.4% (9/44). 

Twenty-five of the 27 patients who returned 
for a second study at one year had received a 
graft with a single SSA, and in 4 of these patients 
the distal ESA had become obstructed at two 


» 


Å 
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Fig 5. Situation of a graft coursing either anterior to 
the great vessels or behind them, in the transverse 
sinus, on its way to the diagonal and left anterior 
descending (LAD) arteries. Note that when the 
proximal anastomosis sits high on the diagonal 
artery, it has to veer off sharply and may kink under 
the pericardial tent. This angulation may be averted 
by routing the graft behind the aorta and 
pulmonary artery. 


weeks. In these 25 patients 1 graft was found to 
have lost its distal ESA at one year while none of 
the SSAs had occluded. Two patients who had 
undergone insertion of a graft with double SSAs 
were evaluated at one year. In 1 of these patients 
1 SSA and the ESA had occluded early, and in 
the other, all anastomoses had been patent at 
two weeks. At one year no change was found to 
have occurred in the first patient's grafts, while 


Table 1. Single Side-to-Side Anastomoses 
Performed in 140 Patients 


Site of SSA 
Site 
of ESA LAD DI DII PDB RCA Cx 
LAD 4 75 20 1 5 
DII 1 
PDB 1 1 3 
RCA 4 T 2 


Cx 3 2 5 13 


SSA = side-to-side anastomosis; ESA = end-to-side anas- 
tomosis; LAD = left anterior descending branch; DI = first 
diagonal branch; D II = second diagonal branch; PDB = 
posterior descending branch; RCA = right coronary artery; 
Cx = circumflex coronary artery. 
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the second patient had lost 1 SSA and the ESA. 
The total number of anastomoses (of the SSA- 
ESA variety) evaluated at one year in these 27 
patients was 50, of which 3 had become 
occluded (6%). No graft was totally occluded at 
one year. 

In summary, the attrition rate for all anas- 
tomoses was 12.6% (12/95) at two weeks and 6% 
(3/50) at one year—a cumulative occlusion rate of 
18.6%—whereas the attrition rate for the entire 
graft was 2.3% (1/44) at two weeks and null (0/27) 
at one year—a cumulative occlusion rate of 
2.396. 


Causes of Failure in ESAs and SSAs 


As was stated, 12 of the 95 anastomoses 
evaluated angiographically two weeks after op- 
eration were occluded. Eight of these 12 obstruc- 
tions occurred in the 39 grafts with a single SSA, 
and the remainder were among the 5 grafts with 
multiple SSAs. Seven of the 8 occlusions in 
grafts with a single SSA were at the site of the 
ESA, while only 1 occurred at the SSA itself. (The 
ESA was evidently also occluded in this patient.) 

In 4 of the 7 occluded ESAs there was—as 
stated in the operative notes or seen on the post- 


‘operative angiogram——a sharp angle in the graft 


at or just beyond the SSA that presumably en- 
dangered the patency of the distal ESA. This 
situation prevailed mainly in the diagonal-LAD 
combination, in which the segment of graft be- 
tween the aorta and the diagonal branch may be 
too short and cause the graft to land at a 45- 
degree angle on the diagonal artery. This angle 
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Table 2. Results of Angiographic Studies 


Factor Early Occluded Late Occluded 
No. of patients studied 40 27 
No. of grafts (with SSA- 44 1? 24 0? 
ESA combination) 
studied 
No. of SSAs 51 a 7 28 1 
No. of ESAs 44 9 22 
Total no. of 95 12 50 3 
anastomoses studied 
No. of grafts with: 
7 ESA 0SSA 
Single SSA 39 E E 25 Sock 
1 ESA 1 SSA 
Double SSA 3 <A 2 1 ESA 
; 1 ESA 
Triple SSA 2 — 188A 0 0 





"All anastomoses of 1 graft were occluded. 


SSA = side-to-side anastomosis; ESA = end-to-side anastomosis. 


does not lead to obstruction of the SSA, but it 
creates a more severe angulation of the graft, as 
the latter must turn almost 90 degrees to come 
back anteriorly toward the LAD. This can be 
corrected either by lengthening the segment of 
graft between the aorta and the diagonal branch 
or by looping the graft behind the aorta, through 
the transverse sinus, and suturing it to the right 
side of the ascending aorta. The latter technique 
is particularly helpful when the proximal anas- 
tomosis sits high on the diagonal artery or the 
first marginal branch. Also to be recommended 
in this situation is the use of the previously 
described diamond-shaped anastomosis for the 
SSA: the slit on the vein is longitudinal, like that 
of the artery, but the vein is sutured perpendicu- 
lar to the axis of the artery, thus providing for 
wide separation of both the arteriotomy and 
the venotomy and providing for a wide, 
diamond-shaped anastomosis. This technique, 
which can also be utilized in Cx-Cx and LAD- 
diagonal combinations, allows the graft to be 
anchored on a wide, triangular base and pre- 
vents it from kinking when it has to veer off ata 
sharp angle (see Fig 2). 

In the other 3 patients no obvious causes for 
obstruction could be detected from review of the 


angiogram or of the operative notes. A technical 
mishap cannot, however, be ruled out in these 
cases. In the lone instance of late occlusion of an 
ESA among grafts with a single SSA, the seg- 
ment of graft going around the apex to the cir- 
cumflex artery, after side-to-side landing on the 
LAD, showed marked stasis on the early angio- 
gram, and the distal runoff was limited. This 
segment had become occluded at one year. 

In the 5 grafts with multiple SSAs that were 
evaluated in the early postoperative period, 2 
showed occlusion: both had lost their ESA, 
while 1 had lost 1 of 2 SSAs and the other, 2 of 3 
SSAs. Both instances consisted of LAD-Cx 
combinations in which the graft loops around 
the apex. This particular hookup appears to 
create two types of angulation: one occurs at the 
apex as the graft goes around it; the other, as 
the graft rolls off the apical region—where it 
should be fixed—and angulates at the point of 
fixation on the LAD en route to the posteriorly 
placed branch of the circumflex. In this series 
there were 7 examples of this combination of an 
SSA on theLAD and the ESA on the Cx with the 
graft looping around the left side of the apex. 
Three of these 7 grafts lost their ESA either early 
or late after operation; all7 grafts were evaluated 
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early and 6 were studied at one year. In sucha 
situation, itis preferable to loop.the graft around 
the right ventricular side of the apex to preventit 
from rolling off the apex [17]. 

Fight of the 9 SSAs performed to 1 mm arteries 
and evaluated at two weeks were patent, and 7 of 
these 8 remained patent one year later. 


Comment 


The early attrition rate of aortocoronary vein 
grafts varies from 10 to 20% [1, 12, 19], and the 
factors responsible for the occlusions are 
numerous. Experience with this surgical proce- 
dure as well as refinements in the technique 
itself [11] undoubtedly account for the lower oc- 
clusion rate reported by certain authors [1, 3]. 
On the other hand, blood flow appears to be a 
major determinant of patency both early and late 
after operation [10, 19]. Low flow leads to de- 
creased velocity of blood—stagnation which, in 
turn, may cause thrombosis of the vein graft [6, 
9]. Vein segments of smaller size, such as from 
saphenous vein below the knee [6, 16] or the 
internal mammary artery [8], have been utilized 
to minimize the discrepancy in caliber between 
the bypass conduit and the recipient artery. The 
better early patency rate obtained with internal 
mammary artery grafts may, in large part, be 
secondary to this simple factor. The long-term 
patency rate of internal mammary-coronary 
anastomoses may not, however, be superior to 
that of aortocoronary vein grafts [13], and in 
some instances an internal mammary artery 


graft may prove to be too small a bypass conduit : 


and thus may not provide sufficient flow [5, 13]. 

The use of either smaller venous grafts or the 
internal mammary artery cannot increase flow in 
the graft, whereas adding coronary branches to 
the graft does provide for greater flow and, pre- 
sumably, for increased patency rates [17]. In in- 
stances of more than 1 coronary artery anas- 
tomosis per graft in the present series, blood 
flow averaged higher than 130 ml/min in the first 
portion of the graft. This figure is nearly double 
the rate reported in grafts with a single coronary 
anastomosis [10, 19]. 

The overall patency rate of all coronary anas- 
tomoses in the present study is comparable to 
the better patency rate reported with vein grafts 


to a single coronary artery branch [3]. Indeed, 
the occlusion rate was 12.6% (12/95 anas- 
tomoses) in the early postoperative period and 
6% (3/50 anastomoses) one year after operation, 
for a cumulative attrition rate of 18.6% at one 
year—a patency rate of 81.4%. Most occlusions 
occurred at the distal anastomosis (9 of the 12 
early occlusions and 2 of the 3 late ones). The fact 
that nearly 75% (11/15) of all occlusions occurred 
in the segment of graft located between the SSA 
and the distal ESA suggests a mechanical or a 
technical factor. Blood flows were indeed com- 
parable through either type of anastomosis, and 
flow through ESAs that were to become 
occluded early after operation was not unusually 
low, averaging 50 ml/min in the8 grafts in which 
it was measured. 

It also appears that occlusion of the distal ESA 
does not endanger the patency of the proximal 
SSA, as there were no examples of late occlusion 
of an SSA in at least 5 patients in whom the ESA 
was occluded on the early angiogram. Review 
of postoperative angiograms and of operative 
notes indicated that angulation between the 
proximal and distal anastomoses was seen in 
more than half (7/12) of the instances of early 
occlusion of the distal anastomosis. As said ear- 
lier, appropriate measures may be taken to 
avoid these technical mistakes, such as looping 
the graft behind the aorta and main pulmonary 
artery for left-sided grafts [14] and creating 
diamond-shaped anastomoses [15] in cases in 
which the graft must either change direction at 
the site of the SSA or cross the artery in a per- 
pendicular fashion. 

It is also apparent from the present study that 
certain combinations of SSAs and ESAs give 
better results than others. Thus, the diagonal- 
LAD combination lends itself more readily to 
such a technique than the LAD-Cx tandem in 
which the graft loops around the apex [17]. 
Moreover, grafts with only one side-branch ap- 
pear to fare better than those with multiple 
SSAs. Although the number of grafts of the latter 
category was too small in the present series to 
allow meaningful conclusions, it is evident that 
the addition of side-branches increases the 
chance for angulation and hence for occlusion. 
However, in other series, the so-called snake 
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graft or sequential graft with multiple SSAs has 
given good results [2, 17]. Greater awareness of 
the technical problems associated with the mak- 
ing of these multiple SSAs undoubtedly will im- 
prove patency rates, although as a rule it is un- 
wise to put all eggs into one basket as is the case 
when, for instance, 4 or 5 coronary branches are 
anastomosed to a single vein graft. This tech- 
nique, however, may prove valuable in certain 
circumstances: for example, in patients with 
small coronary arteries who also have small 
saphenous veins and need multiple grafts in- 
cluding one to the RCA. Indeed, the graft loop- 
ing around the heart from the right side toward 
the Cx and ultimately landing on the LAD has a 
more natural curve and is more properly an- 
chored when it is anastomosed to the RCA and, 
when necessary, to a diagonal branch. 

Of particular interest in the present study was 
the low attrition rate for the entire graft, ie, oc- 
clusion of all anastomoses of a graft. Indeed, of 
the 44 grafts studied early, only 1 complete oc- 
clusion of a vein graft was encountered, whereas 
none of the 27 grafts studied one year after oper- 
ation had become completely occluded. It is 
probable that SSAs help keep the proximal anas- 
tomosis open by increasing flow in the segment 
of vein leading to that first anastomosis. It is 
conceivable, on the other hand, that the SSA can 
also improve the patency rate of the distal ESA 
by shortening the distance that a specific quan- 
tity of blood must travel to reach the distal anas- 
tomosis. In a conventional graft with a single 
coronary anastomosis this distance may be sig- 
nificantly longer, as the graft originates from the 
aorta and not from a more closely located seg- 
ment of vein graft, as is the case, for instance, in 
a diagonal-LAD combination. 
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Results of Reoperation 


for Recurrent Angina Pectoris 
William I. Norwood, M.D., Lawrence H. Cohn, M.D., and John J. Collins, Jr., M.D. 


ABSTRACT Although a coronary bypass operation 
improves the quality of life and possibly prolongs it, 
a small percentage of patients do not have satisfactory 
results and require reoperation. From July, 1970, to 
March, 1975, 358 patients underwent coronary bypass 
for chronic disabling or preinfarction angina. Angina 
requiring operation recurred in 24 men and 2 women. 
Hyperlipoproteinemia was present in 19 of the 26 
(73%), and 3 patients had early-onset diabetes mel- 
litus. 

Only 2 of 14 patients with progression of ar- 
teriosclerosis were helped by a second operation. Of 7 
patients with occluded grafts, local disease, and no 
progression, 5 were helped by reoperation. 

Patients with occluded coronary bypass grafts 
without progression of arteriosclerosis benefit sub- 
stantially from a second revascularization procedure. 
A guarded prognosis must be held, however, for 
those with progression of arteriosclerosis with hyper- 
lipoproteinemia or juvenile-onset diabetes who 
undergo reoperation. Patients with initially diffuse 
disease and graft occlusion also seem to benefit less 
from a second operation. 


The operative management of ischemic heart 
disease by bypass of proximal obstructions of 
the coronary vascular bed has been charac- 
terized in recent years by low operative mortal- 
ity and significant improvement in the quality 
of the patient’s life [7, 9, 10, 15]. In addition, 
there is suggestive evidence that surgical revas- 
cularization may increase survival of patients 
with advanced coronary artery disease [7]. Such 
an appealing combination of real and possible 
benefits has contributed to the rapid accumula- 
tion of a substantial and increasing number of 
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patients managed by coronary artery bypass op- 
erations. Despite generally satisfactory results, 
significant angina may recur within a few years 
in 12 to 20% of patients so treated [4, 7, 11, 12]. 
Furthermore, since operative manipulation of 
the coronary arteries per se is not expected to 
arrest or attenuate the primary atherosclerotic 
process, the incidence of angina recurrence due 
to disease progression will almost certainly in- 
crease with time. | 

The experience at the Peter Bent Brigham 
Hospital with operative treatment of patients 
experiencing recurrent angina following coro- 
nary artery bypass has been reviewed. The focus 


. of this review has been on the relationships be- 


tween the presenting characteristics of the re- 
current angina, the etiology of the recurrence, 
and the results of operative management. 


Clinical Material 


From July 1, 1970, to March 1, 1975, 519 patients 
underwent operative treatment for coronary ar- 
tery disease at the Peter Bent Brigham Hospital; 
358 of these had chronic disabling angina 
with satisfactory ventricular function. During 
this interval, 26 patients with recurrent angina 
pectoris following coronary artery revasculariza- 
tion were operated on at this hospital. Of these, 
6 had had their first operation at other institu- 
tions. All 26 patients had initially been seen 
with chronic disabling angina pectoris that was 
refractory to medical management. There were 
24 men and only 2 women (796), whereas of the 
358 patients primarily treated for chronic dis- 
abling angina, 44 (14%) were women. The aver- 
age age in the primary and recurrent angina 
groups was similar (49.6 and 48.5 years, respec- 
tively). 

Several factors have been associated with in- 
creased risk for coronary artery disease [4, 11]. In 
this series, 7 patients (2796) had hypertension, 2 
(8%) had hyperuricemia, 8 (31%) had clinically 
significant diabetes mellitus (of which 3 had 
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early-onset diabetes), and 19 (73%) had hyper- 
lipoproteinemia (10 with type II and 9 with type 
IV). 

The initial revascularization procedures for 
these patients had included 12 single bypass 
grafts, 11 double grafts, 2 triple grafts, and 1 
quadruple graft. Twenty-one patients had had 
grafts to the left anterior descending coronary 
artery (6 using the internal mammary artery), 11 
had had right coronary artery grafts (3 with con- 
comitant distal endarterectomy), and 11 had had 
grafts to the left circumflex coronary artery (Ta- 
ble 1). 

Angina pectoris recurred within one week to 
30 months (mean, 6 months) after the original 
procedure, and all patients were sufficiently 
disabled by the recurrent pain to require inten- 
sive therapy with analgesics, nitrates, propran- 
olol, or combinations of these agents. 

Based on repeat cardiac catheterization, recur- 
rent angina was attributed to total occlusion of at 


least 1 graft in 17 patients, other technical prob- : 


lems (stenosis of an anastomosis or tenting of a 
graft) in 4, and significant progression of coro- 
nary obstructive disease ( > 70% obstruction) in 
5. Of the patients with occluded grafts, only 3 
had more than 1 nonfunctioning graft. Eleven 
left anterior descending grafts (4 using the 
internal mammary artery), 5 circumflex mar- 
ginal grafts, and 6 right coronary arterv grafts (2 
combined with endarterectomy) were found to 
be occluded. 


Table 1. Operation for Recurrent Angina 


Twelve patients (46%) had no progression of 
arteriosclerotic disease as interpreted from 
coronary angiography, and the average time be- 
tween preoperative and postoperative cath- 
eterizations in this group with graft failures 
was 10 months. The interval between catheteri- 
zations for the 5 patients thought to have recur- 
rent angina on the basis of progression of dis- 
ease only was 29 months. In the 14 patients with 
progression of disease, there was no apparent 
predilection for advancing obstruction in 
grafted versus ungrafted vessels. 

The treatment at reoperation consisted of a 
single bypass graft in 16 patients, double grafts 
in 8 patients, internal mammary artery implants 
only in 2 patients, and a saphenous vein graft 
from aorta to posterior cardiac vein with prox- 
imal ligation of the cardiac vein in 1 patient. Of 
the secondary grafts, 16 were to the left anterior 
descending coronary artery (7 using the internal 
mammary artery), 5 were to the left circumflex 
system, and 9 were to the right coronary artery (4 
with concomitant endarterectomy). In addition, 
2 patients had saphenous vein interposed in a 
previous vein graft where a stenotic lesion was 
excised, and 1 patient had a saphenous vein 
graft from the aorta to a previously grafted inter- 
nal mammary artery. 

All operations were performed with car- 
diopulmonary bypass using a bubble 
oxygenator, hemodilution, and moderate sys- 
temic hypothermia (30°C). 





No. of j 
Bypassed No. of Vessels No. of 
Operation Vessels Patients Bypassed Patients 
Primary operation 1 12 LAD 21 
2 11 RCA 11 
2 3 LCF 11 
IMI 3 
Secondary operation 1 16 LAD 16 
2 8 RCA 9 
22 0 LCF 5 
IMI 2 





LAD = left anterior descending coronary artery; RCA = right coronary artery; LCF = left circumflex coronary artery; IMI — 


internal mammary artery implant. 


ir 
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All patients have been personally followed by 
one or more of the authors. The follow-up period 
was 6 to 48 months, with a mean of 20 months. 


Results 


There were 2 (8%) in-hospital deaths among the 
26 patients who underwent reoperation for re- 
current angina (Table 2). There was 1 late death 
from acute myocardial ischemia at 1 year follow- 
ing an internal mammary artery graft to the left 
anterior descending coronary artery (4%), fora 
total mortality of 12%. Four months prior to the 
late death, repeat catheterization had revealed a 
patent graft but poor distal runoff. Of the 3 pa- 
tients who died, 2 were insulin-dependent 
juvenile-onset diabetics who were less than 35 
years of age. 

Three patients suffered a perioperative myo- 
cardial infarction diagnosed by electrocardio- 
graphic and serum enzyme alterations at reop- 
eration, and 4 additional patients sustained a 
myocardial infarction during the follow-up 
period, 1 of whom died. 

Significant angina recurred in 12 (52%) of the 
23 patients followed 6 to 48 months after opera- 
tion for recurrent angina. Mild angina, occur- 
ring only occasionally on extreme exertion and 
not requiring medication, has been reported by 
4 patients. Chronic congestive heart failure re- 
quiring maintenance on digitalis and diuretics 
is a continuing problem for 1 patient. Seven of 
23 (30%) are asymptomatic. 


Comment 


Probably the most striking feature of operation 
for recurrent angina pectoris is that symptoms 


Table 2. Results of Coronary Vascular Operation 
for Recurrent Angina in 26 Patients 





No. of 
Result Patients Percent 
Asymptomatic 7 30 
Mild angina 4 17 
Significant angina 12 52 
Perioperative infarction 4 17 
Pulmonary embolus 0 
Cerebrovascular accident 0 T€ 
Died 3 12 


were not abated for a significant intervalin more 
than one-half of these patients. The prognosis 
for patients undergoing secondary operation for 
coronary obstructive disease is dependent on 
the cause of the recurrent symptoms and 
whether significant myocardial ischemia is as- 
sociated with it. Although some persons may 
experience persistent or recurrent angina with 
angiographically satisfactory revascularization, 
most will be found to have at least one major 
vessel inadequately perfused. Our previously 
reported experience indicates that inadequate 
perfusion was demonstrated in 26% of 
asymptomatic patients and in 100% of those 
with recurrent angina at postoperative angiog- 
raphy [12]. 

Many institutions report abatement of angina 
pectoris by initial direct coronary revasculariza- 
tion in about 75% of patients [1, 5]. One might 
anticipate that patients with recurrent angina 
having occluded grafts without evidence of 
progression of disease would probably be bene- 
fited by a second procedure. Of the 7 patients in 
this series who became asymptomatic, 5 fit these 
criteria. Although 10 patients in this series were 
judged to have occluded grafts without progres- 
sion of disease, 4 had diffuse obstructions in 
multiple vessels initially, making it difficult to 
recognize any extending disease. 

Similarly, patients judged in retrospect to 
have had significant obstruction in a major 
coronary artery that was not bypassed would be 
expected to benefit from a second procedure. 
Four patients met this criterion. Two of them 
had 70% obstruction in the left circumflex and 
left anterior descending coronary arteries, re- 
spectively, and both are symptomatic following 
secondary grafting. Two patients had high- 
grade lesions in the right coronary artery (one in 


a left dominant coronary artery system). One 


patient died, and the other has severe angina 2 
years after a second procedure. 

The majority of patients (68%) with recurrent 
angina had 1 or more occluded grafts. Various 
reports indicate that the 1-year patency of 
saphenous vein grafts is about 75% [1, 2]. Al- 
though the etiology of graft occlusion is not al- 
together clear, several studies (including a re- 
port of 38 patients who underwent reoperation 
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for coronary disease) have correlated low graft 
flow with graft occlusion [3]. In addition, the 
etiology of occlusion was not elucidated in most 
patients by exploration of the grafts, although 2 
patients were thought to have inordinately 
dense adhesions and the graft in a third patient 
was found to be kinked. Histological examina- 
tion of the occluded veins universally revealed 
medial hypertrophy and fibrosis of the intima 
and media. No atheromas have been observed 
in the veins. 

Progression of arteriosclerotic disease in un- 
grafted arteries was considered the sole cause of 
recurrent angina in only 5 (19%) of the patients. 
The average interval between initial preopera- 
tive angiography and the study following re- 
currence of symptoms was 29 months for these 5 
patients, compared with 10.2 months for those 
who had no progression of disease but had 
occluded grafts. 

Recent interest has focused on the rate of 
progression of obstructive disease in grafted 
versus ungrafted vessels [8, 13]. Some reports 
suggest that partially obstructing lesions prox- 
imal to graft anastomoses are at greater risk to 
occlude than lesions of ungrafted vessels, rais- 
ing some concern about the total dependence on 
a vein graft that may itself ultimately occlude 
[13]. . 

Although the numbers are small in this series, 
14 patients demonstrated progression of ar- 
teriosclerotic disease in the interval between 
preoperative and repeat angiography. Five of 
these patients had advancing disease in pre- 
viously grafted coronary arteries, 3 patients had 
progression of obstruction in ungrafted vessels, 
and 6 had advancing disease in both (Table 3). 
Three vessels that were merely stenotic before 
operation were occluded proximal to the bypass 


graft at the time of the second study. One of. 


these patients with an obstructed left anterior 
descending coronary artery had an occluded 
graft to that artery, but myocardial infarction did 
not occur. 

Of the 14 patients who demonstrated progres- 
sion of disease by angiography, only 2 were 
benefited by a second operative procedure. 
Only 3 of these 14 did not have some form of 
hyperlipoproteinemia, and 2 of the 3 were im- 
proved by the second operation. Although any 


Table 3. Etiology of Recurrent Angina 








Etiology No. of Patients 
Occluded graft 17 
Tented or stenosed graft 4 
Progression of disease 14 
Without occluded graft 5 
With occluded graft 9 
In grafted vessel only 5 
In ungrafted vessel only 3 
In both 6 





conclusion should be guarded in the light of an 
overall high incidence of hyperlipidemia in this 
series, it is noteworthy that only 1 of the 14 
patients with progression of disease and hyper- 
lipidemia was benefited by a second operative 
procedure. 

Juvenile-onset diabetes mellitus also corre- 
Jates with a poor prognosis. Two of the 3 pa- 
tients who died had diabetes mellitus. This dis- 
ease has been shown to be associated with in- 
creased coronary vascular resistance in the face 
of angiographically patent vascular anatomy [6], 
and one would expect that a loss of correlation 
between the angiographic appearance of vessels 
and myocardial ischemia or altered coronary 
hemodynamics would render a successful 
operative outcome less likely. 

The incidence of serious postoperative com- 
plications (excluding death) was the same fol- 
lowing reoperation as it was following the pri- 
mary operation (see Table 2). However, techni- 
cal problems attendant on the dissection of 
adhesions and loss of surface anatomy affected 
the outcome in 4 of the 26 patients. Two patients 
underwent internal mammary artery implanta- 
tions instead of direct revascularization. One of 
the 2 is currently asymptomatic. A third patient 
received only 1 bypass graft when 2 had been 
planned; he is currently asymptomatic. The 
rationale and technique of providing arterial 
blood flow to a distally ligated coronary vein for 
treatment of myocardial ischemia has recently 
been reported [14]. One patient in this series 
was so managed but without abatement of 
symptoms. 

Finally, preserving previously established 
functioning bypass grafts while exposing the 
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heart has not always been easy. On 1 occasion, a 
patent internal mammary artery graft was anas- 
tomosed to the transected mammary artery. 
With this repair and a new vein bypass graft to a 
second artery, the patient is without symptoms 
12 months postoperatively. 

In conclusion, the outcome in patients who 
underwent operation for recurrent angina pec- 
toris was different from the outcome in those 
selected for initial revascularization because of 
ischemic coronary artery disease. Although the 
complication rate attendant on a second proce- 
dure was low, substantial relief of symptoms 
was experienced by only 4896 of the patients. 
The patients with the best outlook were those 
having occluded grafts without progression of 
disease. The majority of them became sympto- 
matic within a year of their initial operation, and 
usually within the first 6 months. Symptomatic 
relief in this group was similar to that observed 
in the patients treated initially. 

A guarded prognosis must be held for those 
with evidence of progression of disease, particu- 
larly when it occurs in conjunction with some 
form of hyperlipoproteinemia. These patients 
usually became symptomatic later than 1 year 
after their initial operation. The few young, 
symptomatic, juvenile-onset diabetics in this 
series had very poor outcomes. 
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Can the Frequency of Myocardial Infarction 
Be Reduced during Coronary Artery Operations? 


Jefferson F. Ray, III, M.D., Duane A. Tewksbury, Ph.D., William O. Myers, M.D., 
Frederick J. Wenzel, B.S., and Richard D. Sautter, M.D. 


ABSTRACT A prospective experiment was carried 
out in 56 patients undergoing coronary artery revas- 
cularization to determine whether those having a 
glucose-insulin-potassium (GIK) perfusion during 
the procedure would have fewer myocardial infarc- 
tions (MI) compared with patients given a control 
perfusion of Normosol-R. Six patients (11%) de- 
veloped an MI, defined as a 24-hour creatine phos- 
phokinase MB isoenzyme value of 100 IU per liter or 
greater. Four (13%) had control perfusions and 2 (8%) 
had GIK perfusion. One MI in a double-graft recip- 
ient who had GIK perfusion occurred because of a 
technical surgical error; therefore, the corrected MI 
rate was 13% in control patients compared with 4% 
for the GIK group. These data, as well as the more 
frequent spontaneous defibrillation in patients who 
had GIK perfusion, suggest that GIK was of benefit. 


An estimated 45,000 myocardial revasculariza- 
tion procedures (MR) were performed in the 
United States in 1975. Myocardial infarction (MI) 
occurs during 10 to 20% of revascularizations; 
therefore, ironically, 4,500 to 9,000 patients de- 
veloped an infarction from an operation done to 
prevent it [1, 2, 4-8, 14, 21-23, 26]. Methods to 
reduce this morbidity should be identified. 

A prospective experiment was carried out in 
patients—matched according to number of 
bypass grafts—to determine whether those hav- 
ing a glucose-insulin-potassium (GIK) perfu- 
sion during the procedure would have fewer 
infarctions compared with patients given a 
Normosol-R control perfusion. This report pre- 
sents the results of the studv and our thoughts 
on how to determine further whether GIK was 
beneficial. 
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Material and Methods 


Fifty-six patients are reported, 31 controls and 25 
test. Of patients receiving 2 grafts, 8 were con- 
trol and 5 received GIK; of those with 3 grafts, 14 
were control and 13 had GIK; of those with 4 
grafts, 9 were control and 7 were given GIK. 
Random assignment to the GIK or control group 
was based on the need for an equal number of 
patients in the various subgroups of two to four 
bypass grafts. Because of our concern for patient 
safety, observers were not blinded. 

All patients undergoing MR except for those . 
having ventricular aneurysmectomy or valve re- 
placement were eligible for the study. Diabetes 
mellitus did not exclude a patient from par- 
ticipating. Informed consent was obtained. 

The GIK perfusate contained 1.6 gm of glu- 
cose, 2.1 U of insulin, and 1.7 mEq of KCl per 
kilogram of body weight. The GIK was mixed in 
an intravenous bottle, with sodium bicarbonate 
added to make the pH 7.4. The solution was 
infused over three minutes, after bypass was 
under way and prior to the first aortic cross- 
clamping, done at 30°C. 

The control perfusate was Normosol-R (pH 
7.4), containing 4 mEq of KCI per liter but no 
glucose or insulin. The hemodilution factor was 
16 ml per kilogram of patient body weight in the 
GIK and control groups. Control patients were 
given additional potassium during the opera- 


.tion by the anesthesiologist, depending on the 


serum potassium level. 

Conduct of the operation was standardized to 
include: (1) iced Ringer’s slush in the pericardial 
cavity; (2) aortic cross-clamping for distal anas- 
tomoses; (3) three minutes of coronary perfusion 
following cross-clamping; (4) all distal anas- 
tomoses fashioned before the proximal anas- 
tomoses; and (5) warming begun during the last 
period of ischemia and continued while the 
proximal anastomoses were being performed. 

Dextrostix were used every half hour to spot- 


T. 


15 Ray et al: Myocardial Infarction during Coronary Artery Operations 


check blood glucose levels in GIK patients. 
Chemical determinations of glucose levels were 
done also. When glucose fell below 1,000 mg/100 
ml, 25 gm of glucose was given. An additional 
50 U of insulin was given every half hour unless 
blood glucose was below 400 mg/100 ml. Potas- 
sium levels were checked every half hour, and if 
they were above 7 mEq/liter, 100 mg of Lasix and 
25 cc of sodium bicarbonate were given. 

The following determinations were done: 
serum glucose, by the glucose oxidase method 
using a Beckman glucose analyzer; potassium, 
on a flame photometer; total creatine phos- 
phokinase (CPK), by Rosalki's method [20]; 
serum . glutamic-oxaloacetic transaminase 
(SGOT), by the method of Reitman and Fran- 
kel [17]; immunoreactive insulin (IRI) levels, 
by radioimmunoassay using a Schwarz/Mann 
kit [11]; quantitative CPK-MB isoenzyme, 
fluorometrically after cellulose acetate elec- 
trophoresis using materials from Helena 


‘Laboratories [18]. 


Results 


The glucose/insulin relationship in the control 
group and in patients receiving GIK is seen in 
Figure 1. Early in the operation, IRI levels in the 
control group fell to a mean of 12.1 uU/ml while 
the plasma glucose level was 267 mg/100 ml. In 
contrast, in the GIK group, glucose levels were 
21⁄2 times the control value and IRI levels were 
greatly elevated during the procedure but fell 
rapidly afterward. 

The potassium values during a control com- 
pared with a GIK bypass are seen in Figure 2. 

In terms of enzyme levels, two distinct groups 
of patients could be identified: those who had 
an MI and those who did not. The most specific 
of the cardiac enzymes, CPK-MB, differentiated 
these two groups of patients (Fig 3). Our defini- 
tion of MI was a 24-hour CPK-MB isoenzyme 
value of 100 IU/liter or greater. Six patients (11%) 
had such a value. Table 1 shows the distribution 
of patients who had an MI with respect to the 
number of bypass grafts implanted and whether 
they had a GIK or a control perfusion. Four MIs 
(1396) were in the control group of 31 patients, 
and 2 (896) occurred in the25 patients in the GIK 
group. The double graft recipient who received 
a GIK perfusion and had an MI did so because of 
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Fig 1. Serum glucose and insulin levels in (A) control 
patients and (B) patients receiving GIK. 
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Fig 2. Serum potassium values in GIK compared with 
control patients. 
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Fig 3. Distribution of CPK-MB 24 hours 
postoperatively for all 56 patients in the study. The 6 
patients with a value over 100 IU suffered a 
myocardial infarction. 


technical difficulty arising during an attempted 
graft to the superior obtuse marginal branch of 
the circumflex artery; this graft had to be aban- 
doned. If we exclude this patient, the MI rates 
for the two groups were 13% for control patients 
and 4% for the GIK group. 

Three of the 6 patients identified as having an 
MI had new and persistent Q waves in their 
postoperative electrocardiogram. Four of the 6 
had SGOT levels above 100 units 24 hours post- 
operatively. None of the 6 MI patients had a 
stormy postoperative course; all survive to date. 
The only death among them occurred in a GIK- 
treated triple graft recipient who had a massive, 
fatal pulmonary embolus 12 days postopera- 
tively (mortality, 1.8%). 


Table 1. Data on the 6 Patients Who Had a 
Myocardial Infarction 


Control GIK 
Subgroup Perfusion Perfusion 
2 grafts O (0/8) 20% (1/5) 
3 grafts 14% (2/14) 8% (1/13) 
4 grafts 22% (2/9) O (0/7) 
Total 13% (4/31) 8% (2/25) 








CONTROL GIK 
100 00 
SGOT 

mM CPK = 
7 t ~ CPK > 
o 8 2 50 i 0 - 
a. 
CPK- U 

OCP MB e" d 

0 
4 2 3 4 


NUMBER BY PASS GRAFTS 


Fig 4. Inpatients who did not experience an 
infarction, control and GIK recipients had similar 
enzyme elevations at 24 hours. 


There was a similar level of cardiac enzyme 
elevation in patients in the GIK and control 
groups who did not experience an MI. The en- 
zymes increased progressively from the 2 graft 
to the 4 graft subgroup (Fig 4). The time course of 
enzyme elevation was accelerated in the qua- 
druple graft compared with the triple graft recip- 
ients (Fig 5). Administration of GIK did not alter 
the distinct background level of release of car- : 
diac enzymes from the value observed in the 
control group. 


Clinical Observations 


When GIK was administered rapidly, the heart 
stopped abruptly. Because we were uncertain of 
the desirability of this potassium-induced ar- 
rest, the GIK solution was added slowly over 
three to five minutes and potassium cardio- 
plegia was avoided. 

Early in the experience it was noted that GIK 
patients frequently defibrillated spontaneously 
at the end of the procedure. This information is 
given in Table 2. 

Additional volume from the pump, usually 
500 to 800 ml, had to be administered to main- 
tain a central venous pressure (CVP) of 3 to 10 
mm Hg in the control group after cardiopulmo- 
nary bypass had begun. A different phenome- 
non was observed during GIK bypass. There 
was an initial large venous return to the 
oxygenator of 500 to 1,200 ml at a CVP of 3 to 10 
mm Hg. 

If additional 25 gm doses of glucose were ad- 
ministered rapidly, transient arterial hypoten- 
sion occurred. The added glucose given over 40 
to 60 seconds did not produce hypotension. 
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Fig 5. Control and GIK patients who did not 
experience MI had similar enzyme values. Sample 1 
is prebypass, 2 is off bypass, 3is6 hours 
postoperatively, and 4 is 24 hours postoperatively in 
(A) triple-graft recipients and (B) quadruple-graft 
recipients. 


Comment 


This experiment was begun with two hypoth- 
eses: first, that GIK would decrease the MI rate 
in matched patients undergoing myocardial re- 
vascularization; second, that we would be able 
to detect this lessened cardiac damage by ob- 
serving an overall diminution in the efflux of 
cardiac enzymes in GIK-treated patients. 

The data presented here are not conclusive 
because the number of patients who experi- 
enced an MI is small. When one excludes the 
single technical MI in a patient perfused with 
GIK for a double graft procedure, the difference 
in MI rate—13% for control patients and 4% for 
GIK patients—suggests that GIK may be of ben- 
efit. 

We were surprised to find that GIK did not 
cause diminution in the distinct background 
level of cardiac enzyme elevation, which was 


Table 2. Spontaneous Defibrillation in GIK and 
Control Patients 


Control GIK 
Subgroup Perfusion Perfusion 
2 grafts 1396 (1/8) 40% (2/5) 
3 grafts O (0/14) 46% (6/13) 
4 grafts 1196 (1/9) 14% (1/7) 
Total 6% (2/31) 36% (9/25) 


progressively greater the more grafts were 
placed, rose more rapidly the more grafts were 
placed, and was the same in the control and GIK 
groups. 

Whether alterations in the experimental or 
operative protocol might have yielded different 
results is not known. The following aspects of 
the present study were arbitrary: 


1. Dosage of GIK mixture and the supplemental 
dosage schedule. A different dosage schedule 
might be preferable. 

2. Allowing three-minute periods of coronary 
perfusion between grafts. A case has been 
made recently for performing all distal anas- 
tomoses during a single period of aortic oc- 
clusion [10]. The GIK might be partially 
washed out during the coronary perfusion 
periods. 

3. Not permitting potassium cardioplegia. It 
might be preferable to allow potassium arrest 
[9]. 

4. Not continuing GIK in the postoperative 
period. It has been shown that postoperative 
GIK therapy can increase the cardiac output 
[16]. 


Glucose-insulin-potassium is a mixture of 
three potent agents. It is not known which of the 
three is the most critical or whether all three are 
necessary. Recent work by Gay and Ebert [9] 
has shown that potassium-induced cardioplegia 
protects against anoxia. The work of Austen and 
his colleagues [3] a decade ago showed that glu- 
cose loading of the heart protects against is- 
chemia. Insulin levels during cardiopulmonary 
bypass are known to below [12, 15]. Perhaps the 
addition of insulin is the most critical aspect of 
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the GIK regimen; on the other hand, insulin 
might not be helpful. Recent work by Thomas 
and co-workers [25] showed that insulin did not 
help during 24 hours of ex vivo preservation of 
canine hearts. 

Enzyme measurements may be a rather crude, 
possibly even inaccurate measurement of the 
protective effect afforded by GIK perfusate [19]. 
An electron microscopical study of trephine 
punch biopsies of the left ventricular myocar- 
dium taken before and after all periods of aortic 
cross-clamping is under way in our institution. 
These studies are in their early stages, and no 
firm data are available at the present time. It is 
interesting to note, however, that Maroko and 
Braunwald’s group [24], in their electron mi- 
croscopical study of ventricular biopsies taken 
from dogs given experimental myocardial in- 
farctions and treated with GIK, found that GIK 
promoted preservation of the mitochondrion, 
the intracellular power plant. If the same could 
be shown in human hearts, one might have the 
anatomical explanation for the more frequent 
spontaneous defibrillation observed in GIK- 
treated patients. 

Whether intraoperative GIK increases myo- 
cardial protection remains an open question. 
These early studies did show a lessened inci- 
dence of MI as well as more frequent spontane- 
ous defibrillation in the GIK group. Iyengar and 
associates [13] recently reported a reduced in- 
cidence of infarction in patients given GIK 
preoperatively compared with a control group. 
It is clear that in the next several years, improved 
and specific chemical manipulation of myocar- 
dial metabolism will become an everyday clini- 
cal reality and that it will doubtless permit safer 
cardiac surgical operations. 
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Notice from the Southern Thoracic Surgical Association 


The Twenty-third Annual Meeting of the South- 
ern Thoracic Surgical Association was held at 
the Princess Hotel, Acapulco, Mexico, 
November 4—6, 1976. The President was James 
W. Brooks, M.D., of Richmond, VA. Officers 
elected for the coming year are: President, Joseph 
W. Peabody, Jr., M.D.; President-Elect, Robert E. 
Carr, M.D.; and Vice President, Harold C. 
Urschel, Jr., M.D. 

Forty applicants were elected to membership. 
The President’s Award for the best scientific 
paper given at the 1975 meeting was presented 
to Charles E. Martin, M.D., of Nashville, TN. 


The 1977 meeting will be held at the Marco 
Beach Hotel, Marco Island, FL, November 3-5. 
Chairman of the Program Committee will be 
James E. Cousar, M.D.; Chairman of the Mem- 
bership Committee, James L. Alexander, M.D.; 
and Chairman of the Meeting Site Selection 
Committee, William H. Lee, Jr., M.D. DeWitt C. 
Daughtry, M.D., will be in charge of Local Ar- 
rangements. 


J. Kent Trinkle, M.D. 
Secretary- Treasurer 


Combined Procedure of Coron 
Artery Bypass Grafting and Valve Repair 


J. M. Ciaravella, Jr., M.D., John L. Ochsner, M.D., and Noel L. Mills, M.D. 


ABSTRACT The safety of combined operative pro- 
cedures for valvular and coronary artery disease was 
reviewed in 27 patients. Twelve patients had aortic 
valve disease and 15 had mitral valve disease. Forty- 
seven coronary artery reconstructions were per- 
formed, an average of 1.7 per patient. Twenty-two 
patients underwent valve replacement and 5 had 
valvuloplasty. Congestive heart failure was the major 
symptom in 20 patients, and angina was the major 
symptom in 7. Eight of the patients with congestive 
heart failure had no angina, but significant coronary 
stenoses were demonstrated at routine coronary an- 
giography. 

Coronary reconstruction was performed before 
valve repair. Two patients died postoperatively (a 
hospital mortality of 7.4%), and there were 4 late 
deaths from 2 to 28 months postoperatively. There 
were no postoperative myocardial infarctions. 

Contrary to previous reports, coronary artery re- 
construction and valve repair need not be associated 
with an increased risk. Protection of the myocardium 
by coronary perfusion through reconstructed coro- 
nary arteries enables valve repair to be done without 
greater risk than valve repair alone. All patients con- 
sidered for valve repair should have coronary angiog- 
raphy. 


Bypass grafting of obstructed coronary arteries 
has become the most common operation per- 
formed in many centers today, with an operative 
mortality varying from 1.1 to 1596 [3, 4, 12, 15, 
20, 23, 26, 30]. Valve reconstruction, an estab- 
lished means of therapy for patients with mitral 
and aortic valve disease, has demonstrated a 
progressive decrease in operative risk and in- 
crease in long-term survival. However, con- 
comitant operative correction of coronary artery 
and valve disease continues to carry a signifi- 
cantly high operative mortality [2, 4, 8, 12, 13]. 


From the Department of Surgery, Ochsner Medical Center, 
New Orleans, LA. 


Accepted for publication Mar 9, 1976. 


Address reprint requests to Dr. Ochsner, 1514 jetterson 
Hwy, New Orleans, LA 70121. 


The association of valve disease and coronary 
artery disease has been reported to be as high as 
6496 [11, 20, 21], and this association has been 
blamed for the morbidity and mortality experi- 
enced by some after operative correction of valve 
disease [11, 20]. Perioperative myocardial in- 
farction rates as high as 2196 have been reported 
after combined correction of coronary artery and 
valve disease [1, 7, 8, 13, 27]. 

One can assume that the risk of correcting two 
different pathological processes during the same 
operation will be greater than that of operating 
on an isolated condition; yet to omit correction 
of a secondary condition could have a det- 
rimental effect on the outcome of repair for the 
primary condition. For this reason, combined 
correction should lower the risk factor in pa- 
tients in whom two different pathological condi- 
tions exist. This report evaluates our experience 
with the operative treatment of patients with 
combined valvular and obstructive coronary ar- 
tery disease. 


Clinical Material 


From October, 1970, to the present, 27 patients 
(22 men, 5 women) underwent combined aortic 
or mitral valve repair or replacement along with 
coronary artery reconstruction at the Ochsner 
Medical Center. Forty-seven coronary arteries 
were reconstructed in the 27 patients, an average 
of 1.7 grafts per patient. The average age of pa- 
tients operated upon was 58 years with a range 
of 40 to 70 years. 

Fifteen patients underwent mitral valve pro- 
cedures and 12 had aortic valve operations at the 
same time as coronary artery reconstruction 
(Table 1). Nine patients had aortic valve replace- 
ment (5 received Starr-Edwards, 2 had Bjórk- 
Shiley, 1 had a Hancock, and 1 had a Lillehei- 
Kaster valve). In 3 patients we were able to re- 
pair the aortic valve by debridement, val- 
vulotomy, and other maneuvers and thereby 
avoid replacement. Thirteen patients under- 
went mitral valve replacement (11 with a Starr- 
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Table 1. Coronary Bypass Combined with Aortic or 
Mitral Valve Procedures in 27 Patients 


Type of Valve 


(no. of pts) 
No. of Grafts Aortic Mitral 
Single 5 6 
Double 5 7 
Triple 2 2 


Edwards and 2 with a Hancock valve), and 2 
patients had mitral valvuloplasty. 

Twelve patients had previously experienced 
myocardial infarctions. Nineteen of the pa- 
tients, 10 in the aortic group and 9 in the mitral 
group, had angina. Although most patients 
were in normal sinus rhythm, some had ECG 
abnormalities, mostly S-T segment or T-wave 
abnormalities (Table 2). 

The major sign of 20 patients was conges- 
tive heart failure. Of the patients with primary 
congestive heart failure, 12 also had angina 
while 8 were completely free of angina. In con- 
trast, none of the 7 patients with angina as the 
chief complaint had congestive heart failure. In 
this group, the valve involved was always the 
aortic valve. Three patients experienced syn- 
copal episodes, 2 of whom had mitral and 1, 
aortic valve disease. 

Nine patients had predominant aortic 
stenosis (AS). Two had predominant aortic in- 
sufficiency (AI), and 1 had mixed AI and AS. 


Table 2. Electrocardiographic Findings in 27 
Patients Undergoing Combined Coronary Artery 
Bypass and Valve Operation 


No. of 

Finding Patients 
Left ventricular hypertrophy 12 
Left bundle-branch block 4 
Right bundle-branch block 2 
Normal sinus rhythm 19 
Atrial fibrillation 

Wandering atrial pacemaker 1 

S-T segment or T-wave abnormalities 19 
Evidence of old myocardial infarction 7 
Premature ventricular contraction 2 


p 55,89 


One patient was operated on for a prosthetic 
leak and subacute bacterial endocarditis, and 
another had AI and AS secondary to syphilitic 
valvulitis. Thirteen patients had mitral insuffi- 
ciency, and 2 were diagnosed as having mitral 
insufficiency and stenosis. None of the patients 
had pure mitral stenosis. Six of those with mitral 
valve disease had either ruptured papillary mus- 
cles or ruptured chordae tendineae. 

All patients undergoing aortic valve proce- 
dures had preoperative ventricular angiography 
and coronary angiography at the time of cardiac 
catheterization (Table 3). Measurements in- 
cluded left ventricular end-diastolic pressure 
(LVEDP), valve gradients, and cardiac output. 
Valve areas were calculated when applicable. 


Methods 


All operations were performed using car- 
diopulmonary bypass. Six operations were done 
with the aid of a General Electric Dualung mem- 
brane oxygenator; a disposable Bentley bubble 
oxygenator was used in 16 and a Harvey dispos- 
able oxygenator in 5. A median sternotomy was 
carried out in each patient. 

Care was taken to protect the myocardium 
during the operation. Since every patient in the 
study had impaired coronary blood flow, efforts 
to correct or improve that condition were com- 
pleted before any time was spent on valve recon- 
struction or replacement. To areas that required 
coronary artery bypass, a reversed saphenous 
vein graft or internal mammary artery was su- 
tured initially. The conduit was then perfused 
by various means depending on the location of 
obstruction, type of conduit, valve requiring re- 
construction, and length and size of the ascend- 
ing aorta. The left internal mammary artery was 
used as a bypass graft to the left anterior de- 
scending coronary artery in 12 patients, and per- 
fusion during extracorporeal circulation was 
achieved through flow from the subclavian ar- 
tery. When other coronary arteries required a 
bypass graft, a saphenous vein was anas- 
tomosed distal to the obstruction and perfusion 
was achieved either through a proximal anas- 
tomosis in the ascending aorta or by cannulating 
the graft from a separate pump off the extracor- 
poreal circulation. 

In aortic valve replacement, the length and 
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Table 3. Cardiac Catheterization Data in 9 Patients with Combined Aortic Valve and Coronary Artery 


Disease 


——————————————————————————————————————————————————————————————————————————————— 


Patient Aortic Valve AV Gradient LVEDP Cardiac Output 
No. Area (cm?) (mm Hg) (mm Hg) (L/min) 
1 0.6 45 10 3.1 

2 0.54 80 14 2.8 

3 0.23 115 13 3.5 

4 0.5 30 8 3.5 

2 xm j T 4.72 

6 0.7 35 12 Quo 

7 0.9 85 12 6.3 

8 0.3 110 15 3.4 

9 S 80 ^. M 





“Unable to pass catheter across valve at catheterization. 


"Data not available. 


AV = atrioventricular; LVEDP = left ventricular end-diastolic pressure. 


size of the ascending aorta determined whether 
there was enough space to place bypass grafts, 
the perfusion cannula, and an aortotomy inci- 
sion for exposure of the aortic valve. When there 
was not enough space in the ascending aorta, 
arterial perfusion was accomplished through a 
femoral artery (Fig 1). Aortocoronary bypass 
grafts, particularly to the right side, often 
traverse the operative field; when this occurred, 
the graft was perfused by a cannula from a sepa- 
rate pump from the extracorporeal circulation 
(Fig 2). In such situations the proximal anas- 
tomosis could be performed after valve replace- 
ment. 

During aortic valve reconstruction, when per- 
fusion was not present from a bypass graft, the 
coronary Ostia were cannulated and the coronary 
arteries perfused by a separate pump and heat 
exchanger at appropriate flows and cooled to 
25°C. When myocardial perfusion was carried 
out through a bypass graft, use of the coronary 
cannula was usually necessary to prevent ret- 
rograde flow into the aorta, which can be great 
enough to steal from myocardial perfusion and 
hinder vision during valve reconstruction. 

The operative maneuvers necessary for mitral 
valve reconstruction were not hindered by nor 
did they jeopardize aortocoronary bypass grafts. 
However, a bypass between the aorta and the 
distal right coronary artery had to be redundant 
enough to avoid injury during retraction. 





Fig 1. Three-vessel perfusion of coronary arteries 
from saphenous veins and internal mammary artery 
bypass grafts at time of aortic valve replacement. 
Total-body perfusion is through femoral artery 
cannulation. 


During mitral valve reconstruction, myocar- 
dial perfusion was achieved from extracorporeal 
circulation through the coronary arteries and 
any necessary bypass grafts. When aortic occlu- 
sion was deemed necessary for exposure, the 
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Fig 2. Simultaneous aortic valve replacement and 
perfusion of the left anterior descending coronary 
artery through the internal mammary artery and of 
the right coronary artery through a saphenous vein 
graft from a separate pump on the extracorporeal 
circuit. 


aortic clamp was placed proximal to the aortic 
takeoff so that there was continued perfusion 
through the bypass grafts. If more ischemia was 
desirable to produce a flaccid heart, the internal 
mammary artery and bypass grafts could be 
occluded with a bulldog clamp with weakly ap- 
proximating jaws. We limited the time of is- 
chemic arrest to periods of 20 minutes. 


Results 


Among the 27 patients studied there were 2 hos- 
pital deaths, for a hospital mortality of 7.4%. 
One of these deaths was that of a 67-year-old 
man who underwent mitral valve replacement 
and received a single aortocoronary bypass 
graft. His postoperative course was complicated 
by cerebral embolism on the third postoperative 
day, and this eventually led to his death on the 
thirty-fifth day. The second hospital death was 
that of a 70-year-old woman with three-vessel 
coronary artery disease and a history of two pre- 
vious myocardial infarctions. She had had 


episodic cardiac failure and angina with mitral 
incompetence secondary to papillary muscle 
dysfunction. Cardiac output was 3.06 liters per 
minute, and LVEDP rose from 11 mm Hg before 
pacing to 30 mm Hg after pacing. Saphenous 
vein grafts were placed to the left anterior de- 
scending coronary artery and the posterior de- 
scending branch of the right coronary artery, 
and a Hancock valve graft was inserted in the 
mitral position. Postoperatively the patient did 
not regain consciousness, and she died in renal 
failure on the ninth postoperative day. 

Fourteen patients had complications of vary- 
ing degree (Table 4). Only 3 of these delayed 
discharge, and 2 led to the hospital deaths in the 
series. 

There were 4 late deaths from 6 weeks to 28 
months postoperatively (a late mortality of 
1696). In 1 patient a blood clot formed in a 
Bjórk-Shiley aortic valve 9 months postopera- 
tively when it became necessary to discontinue 
sodium warfarin therapy. She died during an 
emergency procedure to debride the prosthetic 
valve [10]. Two patients died in congestive heart 
failure 12 and 28 months postoperatively, re- 
spectively. One died suddenly in acute pulmo- 
nary edema; the other had progressive heart 
failure secondary to involvement of a valve that 
had not been repaired. The fourth late death was 
in a patient who had been operated on for the 
third time to replace an infected aortic pros- 
thesis. An attempt was made to place a valve in 


Table 4. Postoperative Complications Among 14 
Patients Undergoing Combined Coronary Artery 
Bypass and Valve Operation 


No. of 

Complication Patients 
Sternal dehiscence 1 
Arrhythmias 

Minor v 

Major 2 
Pneumonia 1 
Upper gastrointestinal bleeding 1 
Subacute bacterial endocarditis 1 

(recurrent) 

Cerebral emboli 
Disorientation 1 
Bleeding requiring reoperation 1 
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the ascending aorta, but the patient could not be 
taken off cardiopulmonary bypass. 

Two patients in this series had reoperations. 
The first, a 61-year-old man, originally under- 
went mitral annuloplasty for grade 3+ mitral 
regurgitation and triple coronary artery saphe- 
nous vein bypass grafting to a marginal branch of 
the left circumflex artery and to the right poste- 
rior descending coronary artery, together with 
internal mammary artery grafting to the left an- 
terior descending coronary artery. He had ex- 
perienced three myocardial infarctions and was 
admitted with acute pulmonary edema and 
complaints of angina. He had persistent conges- 
tive heart failure 3 months postoperatively and 
underwent repeat annuloplasty through a right 
thoracotomy. Ten months after the initial proce- 
dure he was readmitted in florid pulmonary 
edema. Cardiac catheterization revealed grade 
4+ mitral regurgitation and patent coronary 
grafts. On this admission he underwent mitral 
valve replacement through a right thoracotomy. 
He had an uncomplicated postoperative course 
and was doing well 1 year postoperatively 
without symptoms of congestive heart failure or 
angina. 

The second patient, a 53-year-old man, in- 
itially underwent mitral valve replacement and 
had a saphenous vein graft to the left anterior 
descending coronary artery for mitral insuffi- 
ciency secondary to two ruptured chordae ten- 
dineae and a 4-year history of angina. He did 
well for 1 year until angina and symptoms of 
congestive heart failure recurred. Repeat cardiac 
catheterization revealed a diseased left cir- 
cumflex coronary artery and mitral insufficiency 
secondary to a valve defect. The mitral pros- 
thesis was replaced, and a saphenous vein graft 
was made to a marginal branch of the left cir- 
cumflex coronary artery. Three and one-half 
years postoperatively he was doing well. 

No postoperative myocardial infarctions 
could be documented either clinically, electro- 
cardiographically, or by chemical means in any 
of the patients. Nineteen of the 27 patients in 
this study had preoperative angina. Of the 15 
remaining survivors, 2 again have angina. 


Comment 


In patients with valve disease, the incidence of 
associated coronary disease has been reported to 
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be as high as 67% [21]. No longer can the belief 
be held that aortic stenosis is protective to the 
coronary arteries. The rate of postoperative 
myocardial infarction after valve operations 
alone can be as high as 36.5% [18a], and with 
combined valve repair and coronary revas- 
cularization procedures it can be from 3 to 17% 
[1, 4]. We have shown that it need not be this 
high if protection is given the myocardium by: 
(1) bypass grafting of diseased coronary arteries 
before valve reconstruction; (2) perfusing coro- 
nary arteries with blood cooled to 25°C when 
applicable; and (3) limiting the time of coronary 
circulatory arrest to intervals of less than 20 
minutes. 

Some surgeons [7, 9] assert that routine coro- 
nary angiography during cardiac catheteriza- 
tion for valve disease is not justified. They be- 
lieve that if significant coronary artery disease is 
present, the patient will experience angina. We 
do not agree with this view. It has been shown 
not only that myocardial dysfunction following 
valve repair can be attributed to existing coro- 
nary artery disease but also that the mortality of 
valve operations rises if there is associated coro- 
nary artery disease [2, 4, 20, 32]. Absence of 
angina does not indicate the absence of coronary 
artery disease, because as many as 50% of 
people sustaining myocardial infarctions have 
not experienced angina [19]. Eight of our 27 pa- 
tients had no angina but did have significant 
coronary artery disease demonstrated by an- 
giography. There was no appreciable increase in 
morbidity from performing coronary angiog- 
raphy at the same time as cardiac catheterization 
for valve disease. 

Oury and associates [26] have reported that 
when patients require treatment for valve failure 
secondary to coronary disease and left ventricu- 
lar dysfunction, the long-term outlook is not 
good and a high mortality can be expected. We 
operated on 13 patients with severe mitral 
valve insufficiency. Seven of these had had 
documented myocardial infarctions causing 
papillary muscle dysfunction and mitral insuffi- 
ciency. Although these 13 patients fall into the 
high-risk, late-death category referred to by 
Oury, we had only 2 hospital deaths and 1 late 
death in this group. Of the 10 remaining pa- 
tients, all are doing well from 2 to 4 years post- 
operatively. 
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Mitral Valve Replacement with the 
Modified University of Cape Town (UCT) Prosthesis: 
Clinical and Hemodynamic Results 


F. Henry Ellis, Jr., M.D., Ph.D., Robert W. Healy, M.D., 


and Sidney Alexander, M.D. 


ABSTRACT Mitral valve replacement with the 
modified University of Cape Town prosthesis was 
performed in 42 patients. In 35 the procedure was an 
isolated one, and the hospital mortality was 6%. The 
late survival rate was 6096, half of the late deaths 
being the result of thromboembolism or complica- 
tions of anticoagulant therapy. The incidence of 
hemolysis was low, and hemodynamic results dem- 
onstrated improvement in cardiac index and lowering 
of pulmonary artery pressure, pulmonary artery 
wedge pressure, pulmonary arteriolar resistance, and 
transvalvular mean gradients. However, the calcu- 
lated prosthetic valve orifice area was lower than the 
measured area. Because of complications of throm- 
boembolism, the high incidence of late deaths, and 
high transvalvular gradients, this prosthetic valve is 
no longer used in patients requiring mitral valve re- 
placement. 


The choice of an appropriate replacement device 
for the mitral valve remains controversial, as 
evidenced by the wide variety of prostheses 
available. While reduction in hospital mortality 
after prosthetic replacement of the mitral valve 
has been gratifying in recent years, the high rate 
of late deaths in many reports has been attrib- 
uted to a variety of causes, some of which were 
probably related to the valve. Discouraged by 
these late failures, one of us (F. H. E.) some years 
ago sought to explore the possibility of an alter- 
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native replacement device. Selection of another 
device was made at a time when late results were 
complicated by thromboembolism after use of 
the then-available ball valves [2, 9], high trans- 
valvular gradients across disc valves [6, 11], ex- 
cessive hemolysis with one of the disc valves [7, 
14], and excessive tissue growth on the struts of 
the original cloth-covered Starr-Edwards valve, 
interfering with free excursion of the ball [1, 10]. 


The University of Cape Town Valve 


Among the experimental prosthetic devices 
studied in the laboratories of the Mayo Clinic in 
thelate 1950s was a disc valve resembling a collar 
button [5]. Although all the early studies failed 
because of valve occlusion caused by thrombo- 
sis, the collar-button concept remained an ap- 
pealing one and influenced us to conduct a clini- 
cal trial of the modified University of Cape Town 
(UCT) valve, which incorporates design charac- 
teristics similar to those of the collar-button 
valve. 

Prosthetic devices for replacement of both aor- 
tic and mitral valves were developed at the Uni- 
versity of Cape Town in the 1960s. Although 
early reports [12] of the results of replacement 
with the mitral prosthesis were discouraging, 
the unit was later modified in an effort to mini- 
mize its hazards. The valve we used consists of a 
stainless-steel crossbar with a central ring that 
controls excursion of an unbalanced polypro- 
pylene poppet (Fig 1). The eccentrically placed 
stem permits the disc to tilt when fully open, 
providing more central flow than is possible 
with most disc prostheses. Because this disc 
offers freedom of travel, the hazards of wear 
associated with fixed tilting-disc valves are 
avoided. In vitro flow studies comparing this 
design with a number of others revealed lower 
transvalvular gradients and high flow rates with 
the UCT valve [15]. Furthermore, the low inertia 
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of the UCT valve allows it to maintain a low 
transvalvular gradient at high flows, even at 
rates as high as 150 per minute [4]. 


Clinical Material and Technique 


From 1971 to 1974, the UCT valve was used to 
replace the mitral valve in 42 patients; 15 pa- 
tients were in New York Heart Association 
Functional Class IV, 25 were in Class III, and 2 
were in Class II. Of these patients, 6 had had 
previous operations on the mitral valve and 32 
were experiencing atrial fibrillation at the time 
of operation. Patients ranged in age from 42 to 72 


Fig 1. Modified University of Cape Town valve pem Bir Lá À 
manufactured by Lancer Specialties, Lawrence, MA. Conventional methods of cardiopulmonary 
bypass with a Harvey oxygenator employing 


a a fi ——M moderate hypothermia and hemodilution per- 
ig 2. lechnique of inserting University of Cape : 

Town valve. (A, B) Excision of valve. (C) Placement mitted a vineis of the mitral valve through a 
of mattress sutures. (D) Insertion of continuous sternum-splitting incision (Fig 2A, B). The sew- 
suture. ing ring of the UCT prosthesis facilitates its in- 
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sertion using four mattress sutures for initial 
placement (Fig 2C). The final fixation was com- 
pleted by a continuous suture of heavy Polydek 
(Fig 2D), thus reducing bypass time. 

The mitral valve was replaced in 35 patients. 
The other 7 had mitral valve replacement as part 
of a multivalve procedure, 3 with aortic valve 
replacement, 2 with tricuspid valve repair, and 2 
with tricuspid valve replacement. All patients 
were given long-term anticoagulant therapy. 


Results 


Of the 35 patients who had isolated mitral valve 
replacement, 2 died within 30 days of operation, 
1 from a myocardial infarction and the other 
with progressively lowered cardiac output. In 
retrospect, the aortic valve should probably 
have been replaced concomitantly in the latter 
patient, as postmortem examination revealed 
more narrowing than had been suggested by 
analysis of the data recorded at preoperative 
catheterization. One patient who underwent 
aortic and mitral valve replacement died sud- 
denly on the fifth postoperative day, presum- 
ably from an arrhythmia (postmortem examina- 
tion was not performed). Another patient who 
had replacement of the mitral and tricuspid 
valves died 2 days after operation from low 
cardiac output. 

Of the 12 late deaths in patients who under- 
went isolated mitral valve replacement, 5 were 
considered the result of cardiac failure. A 
paravalvular leak was present in 1 patient who 
refused reoperation, and a saddle embolus oc- 
curred and was associated with cardiac failure 
and death in another. Hemorrhagic complica- 
tions of anticoagulant therapy were responsible 
for 4 deaths. Two patients died suddenly, pre- 
sumably due to an arrhythmia since postmortem 
examination failed to reveal any other obvious 
cause. The final patient who died had complica- 
tions of prosthetic valve endocarditis. There- 
fore, at the time of completion of the follow-up 
study, only 60% of the original group remained 
alive. When computed on an actuarial basis (Fig 
3), these survival rates are similar to results re- 
cently reported from the Mayo Clinic using the 
Smeloff-Cutter valve [9] and the non-cloth- 
covered Starr-Edwards ball valve [2]. 

An analysis was made of the symptomatic re- 
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Fig 3. Actuarial survival curve for all patients 
undergoing isolated mitral valve replacement with 
the University of Cape Town valve. 


sults in all long-term survivors who underwent 
isolated mitral valve replacement, as well as 
those who also had tricuspid annuloplasty. Thus 
22 patients were available for study; Figure 4 
illustrates their preoperative and postoperative 
NYHA Functional Classification. With 1 excep- 
tion, all patients showed improvement by at 
least one functional class, the majority being in 
Class I after operation. The exception was the 
single patient in the group who had evidence of 
valve malfunction. Increasing symptoms of 
dyspnea and cardiac failure developed 11/2 years 
after operation. Ultimately the patient under- 
went reoperation at another hospital, at which 
time a tear in the sewing ring was found to have 
caused partial occlusion of the valve orifice. The 
patient has done well since replacement of the 
defective device, and the deficiency in the valve 
has been corrected by the manufacturer. 


Fig 4. Preoperative and postoperative functional 
classification (NYH A) of 22 patients undergoing 
mitral valve replacement with a University of Cape 
Town valve. 
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Thromboembolism 


Of the 35 patients who initially survived either 
isolated mitral valve replacement or replacement 
combined with tricuspid annuloplasty, 7 (20%) 
experienced thromboembolic complications. 
One patient died from cardiac failure at 6 
months, having experienced right hemiplegia 
before dismissal from the hospital. Late deaths 
occurred in 2 patients in whom saddle emboli 
had developed. One of these patients died of 
cardiac failure and the other of an arrhythmia 
after surviving embolectomy. The other 4 pa- 
tients who experienced arterial emboli are 
among the long-term survivors; 2 remain par- 
tially incapacitated by hemiplegia, while the 
other 2 have no residual effects from their arte- 
rial emboli. 


Hemolysis Studies 


No clinical evidence of red cell destruction by 
the prosthetic device was recorded. However, 21 


patients who underwent isolated mitral valve 
replacement had hemolysis studies (Table 1). 
Evidence of red cell damage was minimal, and 
urinalysis revealed positive findings of hemo- 
siderin in only 2 patients. 


Hemodynamics 


Preoperative and postoperative hemodynamic 
studies were performed in 15 patients. The early 
postoperative studies were conducted approxi- 
mately 2 weeks after operation, and the late 
studies were performed 6 to 12 months after the 
procedure. The data are summarized in Table 2 
and are presented in more detail in Figure 5. All 
of the late results showed a statistically signifi- 
cant improvement compared with the preopera- 
tive values, and in contrast to experience with 
other replacement devices [6], pulmonary ar- 
teriolar resistance was lower at the time of late 
study than early after operation. However, lack 
of correlation between the calculated area of the 


Table 1. Mitral Valve Replacement with UCT Prosthesis: Hemolysis Studies in 21 Patients 


Determination Normal Value Surgical Group Mean (range) 
Hemoglobin (gm/100 ml) 12-17 11.4 (10.3-12.7) 

Hematocrit (96) 38—52 35.3 (30.9—43.5) 

Reticulocyte count (96) 0.5-1.5 3.6 (1.5-10.0) 

Serum haptoglobin (mg/dl) 33-195 39 (25-64) 

Lactic dehydrogenase (units) 60—140 307 (172—510) 

Urine hemosiderin Negative Positive (2 of 21) 


UCT - University of Cape Town. 


Table 2. Mitral Valve Replacement with UCT Prosthesis: Hemodynamic Results in 15 Patients 


Results 
Early Late 
Preoperative Postoperative Postoperative 
Determination (= SL Lt SL (t SD) 
Pulmonary artery pressure, mean 41.8 + 14.8 9.32 13.5 Au t3 
(mm Hg) 
Pulmonary artery wedge pressure, 24.2 + 6.6 18.9 + 6.6 16.3 + 7.8 
mean (mm Hg) 
Pulmonary arteriolar resistance 352 t 282 356 + 260 134 + 46 
(dynes sec/cm ?) 
Cardiac index (L/min/m?) 2.4 € 0.5 2.6 + 0.96 4.1 « 0.9 
Mean diastolic gradient (mm Hg) 17,7 = S.I 5.6 + 4.3 99225 
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Fig 5. Preoperative and postoperative hemodynamic 
data in 15 patients undergoing mitral valve 
replacement with University of Cape Town 
prosthesis. (A) Systolic pulmonary artery pressure. 
(B) Pulmonary artery wedge pressure. (C) Cardiac 
index. (D) Transvalvular gradient. (E) Comparison 
of actual orifice area of the prosthesis used with the 
area calculated from postoperative hemodynamic — 
data. The spuriously large calculated area in 1 
patient with a No. 2 valve distorts the mean value for 
this prosthesis. 


31 Ellis, Healy, and Alexander: Mitral Valve Replacement with Modified UCT Prosthesis 


valve orifice and the actual area of the orifice was 
disappointing and was even more marked when 
exercise values were analyzed. 


Comment 


The hospital mortality rate for isolated mitral 
valve replacement with the UCT valve is low and 
is comparable to rates reported for other devices. 
Only 1 known valve failure occurred in the pa- 
tients reported, and, fortunately, that patient 
survived reoperation. However, late results are 
disappointing; only 60% of the patients under- 
going mitral valve replacement, including those 
having tricuspid annuloplasty, were alive when 
follow-up was completed. Although this survi- 
val figure is not significantly different from re- 
ported results after use of disc or ball valves, it is 
not comparable to current rates reported for the 
modified cloth-covered Starr-Edwards ball 
valve [3] and for the glutaraldehyde-preserved 
porcine xenograft [8, 13]. Furthermore, the inci- 
dence of thromboembolism is excessive and re- 
quires long-term anticoagulation therapy that 
has led to a number of fatal complications in 
patients in this series who might otherwise have 
survived and done well. 

Postoperative hemodynamic studies have 
failed to support the encouraging prospects en- 
gendered by in vitro studies. The calculated area 
of the effective valve orifice was usually consid- 
erably less than the measured valve orifice area, 
resulting in transvalvular gradients in excess of 
acceptable standards. As a result, we have dis- 
continued use of the UCT valve and, for the past 
few years, have employed the glutaraldehyde- 
preserved porcine xenograft for mitral valve re- 
placement with gratifying results. 
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Repair of Tetralogy 


of Fallot 


after Aortopulmonary Anastomosis 


Robert M. Sade, M.D., Laurence Sloss, M.D., Salvador Treves, M.D., 
William F. Bernhard, M.D., and Aldo R. Castaneda, M.D. 


ABSTRACT Thirty-eight corrective operations have 
been performed in patients with tetralogy of Fallot 
and a functioning aortopulmonary shunt. There were 
3 operative deaths (7.9%) and 1 late death (2.6%), and 
3 patients have required reoperation for significant 
residual defects. Only 1 of 10 patients studied post- 
operatively by radionuclide scanning has a sig- 
nificant reduction in blood flow to the lung on the 
side of the closed shunt. We conclude that the pres- 
ence of an aortopulmonary shunt does not add to the 
risk of repair in patients with tetralogy of Fallot and 
that mortality after such operations is related to the 
complex anatomy often present in patients of this 


group. 


Potts and colleagues introduced the descending 
aorta—left pulmonary artery anastomosis in 1946 
[12], and Waterston described the ascending 
aorta-right pulmonary artery anastomosis in 
1962 [16]. These aortopulmonary shunts have 
been associated with several problems: exces- 
sive pulmonary blood flow leading to congestive 
heart failure and late development of pulmonary 
vascular obstructive disease (PVO) [5, 11, 13, 
15]; kinking of a pulmonary artery, resulting in 
shunt flow to only one lung [3, 6, 14]; and 
difficulty in closing the shunt at the time of re- 
pair [6, 14]. Despite these problems, aortopul- 
monary anastomoses still play an important role 
in the treatment of congenital heart disease since 
they remain the best available palliation for 
small infants with cyanotic congenital heart dis- 
ease with pulmonary hypoperfusion. 
Corrective operation in patients who have a 
functioning aortopulmonary shunt has often 
been associated with a high mortality rate, and 
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many deaths have been attributed to problems 
attendant upon closure of the shunt. We have 
reviewed all patients at Children's Hospital 
Medical Center with tetralogy of Fallot who have 
undergone corrective operation, including clo- 
sure of a patent aortopulmonary shunt, during 
1973 and 1974. 


The Patients 


During these 2 years, 38 reparative operations 
were done in 36 patients with tetralogy of Fallot 
and a functioning aortopulmonary shunt. Thir- 
teen patients had a Potts and 23 had a Waterston 
anastomosis; 1 patient in each group underwent 
a second operation requiring closure of an aor- 
topulmonary shunt. Four patients had an addi- 
tional functioning subclavian-pulmonary ar- 
tery (Blalock-Taussig) shunt: 2 had left, 1 had 
right, and 1 had bilateral shunts. The average 
age at which the Potts shunts were constructed 
was 3.6 years, while the Waterston shunts were 
done at an average age of 2.6 years; 15 children 
were under 1 year of age and 5 were under 10 
days of age. The average age at corrective opera- 
tion after the Potts shunt was 22.2 years and after 
the Waterston shunt, 8.6 years; 5 patients were 
under 4 years of age (Table 1). 

Cardiac catheterization was carried out on all 
patients prior to corrective operation. Twelve 
patients had pulmonary atresia, 5 instances of 
which were acquired. Pulmonary artery hyper- 
tension (defined as mean pressure > 30 mm Hg) 
was present in 8 patients; the highest pulmo- 
nary vascular resistance, however, was 6 mm 
Hg/L/min/m?, and no other patient had a resis- 
tance higher than 4. The average duration of the 
shunt in these 8 patients was 7.0 years, but 1 
patient developed pulmonary hypertension 
necessitating early repair when his Waterston 
shunt had been functioning for less than 3 years. 
Specific attempts were made to delineate the 
anatomy of the anastomosis and pulmonary ar- 
teries by angiography in all patients. Two pa- 
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Table 1. Age at Operation in 36 Patients with Tetralogy of Fallot Treated with Shunts and Later 


Correction 

Shunt Construction Corrective Operation Shunt Duration 
Type of 
Shunt Mean Age? (Range) Mean Age"? (Range) Mean Age? (Range) 
Potts 3.6 (1.0-8.8) 22.2 (9.3—30.4) 18.6 (7.9-23.2) 
Waterston 2.6 (5 days-10.4) 8.6 (2.8-19.1) 6.0 (2.8—9.0) 
“In years. 


tients (1 with a Potts and 1 with a Waterston 
anastomosis) had obstruction to pulmonary ar- 
tery continuity at the anastomosis resulting in 
shunt flow to the ipsilateral lung only. Dispro- 
portionate underdevelopment of the pulmonary 
artery contralateral to the shunt was not seen. 


Methods 


Operative methods included the use of car- 
diopulmonary bypass with a Bentley bubble 
oxygenator using a hemodiluted prime to main- 
tain the patient's hematocrit at about 30%. The 
patient's temperature was usually maintained at 
28° to 30°C during bypass. After cardiopulmo- 
nary bypass was instituted, the aortopulmonary 
shunt was closed. Waterston shunts were all 
closed by a transaortic approach, while all Potts 
shunts were closed through the pulmonary ar- 
tery during hypothermic (20°C) circulatory ar- 
rest [9]. The patient with a Waterston anas- 
tomosis who had obstruction of the right 
pulmonary artery due to kinking underwent 
pulmonary arterioplasty from within the aorta 
(Figure). One patient with a Potts shunt had 
obstruction of the left pulmonary artery at the 
anastomosis. After patch closure of the Potts 
shunt, the narrowed pulmonary artery was 
widened with a Dacron patch. 

The right ventricular outflow tract was recon- 
structed in several different ways (Table 2). In- 
fundibuloplasty alone was carried out in 6 
patients, 17 required a patch crossing the pulmo- 
nary annulus, and 7 had a patch of the infun- 
dibulum only. Establishment of right ventricu- 
lar outflow continuity was not possible by 
patching alone in 7 patients; they received a 
right ventricle-pulmonary artery Dacron con- 
duit containing a glutaraldehyde-fixed porcine 


valve.* One patient with pulmonary atresia had 
direct anastomosis of the proximal main pulmo- 
nary artery to the right ventricle. 

Radionuclide studies including a xenon 133 
pulmonary scan and a technetium 99m an- 
giocardiogram were done in 10 patients after 
corrective operation. 


Results 


Early complications (Table 3) after corrective op- 
erations included postoperative hemorrhage 
necessitating reexploration in 3 patients and 
transient respiratory insufficiency requiring 
prolonged ventilator support in 2 patients. Sig- 
nificant arrhythmias were present in 6 patients; 
4 had transient complete heart block that lasted 
up to five days and was treated with temporary 
epicardial pacing. None of the 4 had left anterior 
hemiblock. Three other patients had a variety of 
supraventricular tachycardias that required 
treatment, either with drugs or by electrical car- 
dioversion; none of the arrhythmias persisted 
beyond the time of hospitalization. 
Reoperation for significant residual hemody- 
namic abnormalities after corrective operation 
was necessary in 3 of 36 patients (8.3%). One 
was a 10.9-year-old girl who had a mitral valve 
gradient of 15 mm Hg in addition to tetralogy of 
Fallot. At operation the Waterston anastomosis 
was closed, partially fused mitral commissures 
were incised, the ventricular septal defect (VSD) 
was patched, infundibular muscle was excised, 
and the pulmonary valve commissures were 
opened. Cardiac catheterization a year later re- 
vealed a persistent mitral valve gradient of 8 mm 
Hg anda residual VSD (Q,/Q, = 3.5). At reopera- 


*Hancock Laboratories, Anaheim, CA. 
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Transaortic operation to correct kinking of the 

right pulmonary artery at Waterston anastomosis. 
The aorta is opened transversely, and the 
anastomosis is enlarged into the proximal limb of the 
pulmonary artery. A patch is placed over the aortic 
side of the anastomosis, thus closing the shunt and 
establishing pulmonary artery continuity. 


tion 21 months after the initial repair, a mitral 
supravalvular ring was resected and the VSD 
was patched through a right atrial approach. The 
patient has done well after reoperation. 

A 6.8-year-old boy with a patent ductus ar- 
teriosus, pulmonary valve atresia, and a 
normal-sized pulmonary artery underwent 
operative repair. His Waterston shunt was 
closed, the ductus was ligated, the VSD was 
repaired with a patch, the pulmonary valve tis- 
sue was excised, and the main pulmonary artery 
was sutured directly to the right ventricular in- 
fundibulum. A month after the operation he 
developed fever; enterococcus was isolated from 
several blood cultures, and a chest roentgeno- 
gram showed a mass in the region of the pul- 
monary artery. At reoperation a large 


pseudoaneurysm with dehiscence of the an- 
terior half of the pulmonary artery anastomosis 
was repaired. Congestive heart failure de- 
veloped, and a right heart catheterization re- 
vealed a large residual VSD. After a third opera- 
tion to close the residual VSD, mild congestive 
heart failure continued; 5 months later a sig- 
nificant residual VSD and a residual Waterston 
shunt were closed at a fourth operation. His 
exercise tolerance then returned to normal, and 
there has been no evidence of a residual lesion. 

The third patient requiring reoperation was a 
23.3-year-old man who underwent closure of a 
Potts anastomosis, had a VSD patch, and had 
placement of an outflow patch across the pul- 
monary annulus. Recatheterization 1.5 years 
postoperatively demonstrated a residual VSD, 
residual Potts shunt, and aneurysmal dilatation 
of the pericardial right ventricular outflow 
patch. These were repaired at reoperation, and 
he has done well since then. 

Three patients died after corrective operation 
(7.9%); each had a complex anomaly. The first 
was a 23.3-year-old woman with tetralogy of 
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Table 2. Reconstruction of Right Ventricular Outflow Tract in 36 Patients with Tetralogy of Fallot Treated 








with Shunts 
Infundi- Direct 
Type of buloplasty Infundibular  Transannular Composite RV-MPA Total No. of 
Shunt Alone Patch Patch Graft Anastomosis Operations 
Potts 2 3 8? 1 0 14 
Waterston 1 + » 6? 1 24 
Total 6 7 17 7 1 38 





“One patient died. 
RV = right ventricle; MPA = main pulmonary artery. 


Fallot who had closure of a Potts anastomosis, 
VSD repair, and a pulmonary outflow patch. The 
VSD seemed unusually large and exposure was 
very difficult, requiring a long ventriculotomy. 
The patient could not maintain an adequate car- 
diac output after termination of cardiopulmo- 
nary bypass. Postmortem examination showed 
that the VSD was of the usual tetralogy type, but 
the defect was continuous with a large sub- 
tricuspid defect of the atrioventricular canal 
type. There was a cleft in the anterior leaflet of 
the mitral valve. The VSD, however, was com- 
pletely closed by the patch, and the right ven- 
tricular outflow tract was not obstructed. 

A 12.5-year-old boy underwent cardiac 
catheterization that demonstrated tetralogy of 
Fallot with pulmonary atresia, normal pulmo- 
nary arteries, and a functioning Waterston 
shunt. Pulmonary artery hypertension (98/58 
mm Hg, with a mean of 68 mm Hg) and 
moderately elevated pulmonary vascular resis- 


Table 3. Complications after Corrective Operation 
in 36 Patients with Tetralogy of Fallot Treated with 
Shunts 


Complication No. of Patients 
Hemorrhage requiring reoperation 3 
Arrhythmias 7 
Transient CHB 4 
Supraventricular tachycardia 3 
Transient respiratory insufficiency 2 
Residual defects (late reoperation) 3 
Total 15 


CHB = complete heart block. 


tance (6 mm Hg/L/min/m?) were present. At op- 
eration the large Waterston anastomosis was 
closed with a Dacron patch, the VSD was 
patched, infundibular muscle was resected, and 
a long Dacron outflow patch was inserted. Post- 
operatively the patient had electrocardiographic 
changes suggesting anterolateral myocardial in- 
farction; low cardiac output did not respond to 
therapy, and he died on his first postoperative 
day. Postmortem examination revealed severe 
stenosis of the origin of the left pulmonary artery 
that had been previously unrecognized. Fur- 
thermore, several sutures on the left margin of 
the outflow patch encircled the anterior de- 
scending coronary artery; these had not been 
seen at operation because of extensive pericar- 
dial scarring. 

A 10.8-year-old boy had a Blalock-Taussig 
anastomosis at age 1.0 years and a Waterston 
shunt at age 3.9 years. Cardiac catheterization at 
age 10 years revealed that both anastomoses 
were patent; the diagnosis was tetralogy of 
Fallot with acquired pulmonary atresia. At op- 
eration the shunts were closed, the VSD was 
patched, and a 22-mm composite graft was 
interposed between the right ventricle and the 
pulmonary artery. On the fifteenth postopera- 
tive day a large, infected hematoma was de- 
brided and packed open. The patient then be- 
came afebrile, and clean granulation tissue 
developed in his chest wound. However, six 
days after drainage, exsanguinating hemorrhage 
occurred. Dehiscence of the proximal graft 
suture line was confirmed at postmortem exami- 
nation. 

The 1 late death occurred in a patient with 
tetralogy of Fallot, polysplenia syndrome, and a 
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Waterston anastomosis. Corrective operation 
was done at the age of 19.1 years. Postopera- 
tively the patient did well hemodynamically, 
but he developed atrial fibrillation and nodal 
tachycardia and had right bundle-branch block 
with left anterior hemiblock. These problems 
were treated adequately in the hospital with 
quinidine; treatment with this drug was con- 
tinued after discharge. In the outpatient clinic 6 
weeks after discharge he was found to have mul- 
tiple premature ventricular contractions, includ- 
ing R-on-T-wave couplets. He refused hospital 
admission and died suddenly the next day. Ex- 
amination of his heart revealed an intact repair 
with no residual anatomical lesions. 

Postoperative radionuclide studies in 10 of the 
patients revealed only 1 instance of significantly 
diminished blood flow to the lung on the side of 
the shunt closure. This was in the patient who 
had kinking of the right pulmonary artery; his 
postoperative scans showed that 29% of the total 
pulmonary blood flow was going to the right 
lung. In the remaining 9 patients the right lung 
had 55.2% (SEM + 5.3%) of the total ventilation 
and received 54% (SEM + 7.8%) of the total 
perfusion. 


Comment 


Both the Waterston [3, 6, 14] and the Potts [2, 7, 
15, 18] shunt have been associated with in- 
creased mortality rates after operations for 
tetralogy of Fallot. The Mayo Clinic group [15] 
has analyzed a series of Potts closures with par- 
ticular attention to the ratio of pulmonary to 
systemic vascular resistance (R,/R,). The 1 pa- 
tient with an R,/R, greater than 0.7 and 3 of the 8 
with R,/R, between 0.4 and 0.6 died; all 13 pa- 
tients with R,/R, less than 0.4 survived. Gross 
and associates [7] reviewed their series of correc- 
tive operations in patients with Potts shunts and 
found that the mortality rate among patients 
who had circumferential external ligation of the 
shunt at the time of repair was 37.5% (3 of 8 
patients). Of the 5 patients who survived liga- 
tion, 4 (8096) had a residual aortopulmonary 
shunt. After they adopted the Kirklin technique 
of transpulmonary closure [9], the mortality rate 
dropped to 16.3% (7 of 43 patients). Others have 
reported the mortality rate after corrective oper- 


ation in patients with Potts shunts to be in the 
range of 20 [10] to 60% [18]. 

The development of PVO, although it does 
occur, has not been as great a problem after a 
Waterston shunt as after the Potts anastomosis 
for two reasons: first, extensive experience with 
the Potts operation for almost two decades had 
emphasized the importance of limiting the anas- 
tomosis size by the time the Waterston shunt 
became popular; and second, the Waterston 
shunt has been in widespread use for only about 
ten years, which is the time when PVO had just 
begun to appear after Potts anastomoses [5]. We 
consider the presence of fixed pulmonary vascu- 
lar resistance greater than 10 mm Hg/L/min/m' to 
represent excessive PVO, rendering the patient 
inoperable. In the past 2 years a few candidates 
with a long-standing Potts anastomosis have 
been rejected for operation for this reason; how- 
ever, no patient with a Waterston shunt has 
been denied operation since none has had pul- 
monary vascular resistance greater than 6.0 mm 
Hg/L/min/m?. Only 1 patient in this study had 
significant unilateral pulmonary artery hyper- 
tension, a 9.3-year-old girl whose Potts shunt 
had been constructed 7.9 years earlier. 

Tay and associates [14] have emphasized the 
problem of kinking of the right pulmonary ar- 
tery and its contribution to the risk of repair in 
patients with a Waterston shunt due to the tech- 
nical difficulty encountered in reconstructing 
the right pulmonary artery. Four of their 10 pa- 
tients (40%) with a Waterston shunt who 
underwent corrective operation died. In 9 of the 
10 patients it was not possible to close the anas- 
tomosis through a transaortic approach because 
of the need for reconstruction of the right pul- 
monary artery. They also considered underde- 
velopment of the left pulmonary artery to be a 
problem and related it to progressive right ven- 
tricular outflow obstruction associated with 
kinking of the Waterston anastomosis, both of 
which reduce flow to the left pulmonary artery. 
Gay and Ebert [6] discussed 18 patients who 
underwent repair for tetralogy of Fallot after a 
Waterston shunt and found that 16 of them re- 
quired patch reconstruction of the right pulmo- 
nary artery. Although they were able to do a 
transaortic closure in only 2 of their 18 patients, 
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others have been able to accomplish transaortic 
repair in most of their patients and have noted a 
much lower incidence of kinking [1]. 

Barbosa, Somerville, and Ross [3] reported 36 
patients with tetralogy of Fallot and a function- 
ing Waterston shunt who underwent reparative 
operation. They noted pulmonary artery hyper- 
tension in all 7 patients who died after operation 
and found no PVO histologically. They attrib- 
uted the pulmonary hypertension to kinking of 
the pulmonary artery at the anastomosis, result- 
ing in shunt flow to only one lung and hypo- 
plasia of the remaining pulmonary vascular 
tree. 

Kinking of the pulmonary artery at the site of 
the anastomosis has not been a major problem 
with either kind of shunt in our group of pa- 
tients. One patient with a Potts shunt had 
marked narrowing of her pulmonary artery at 
the site of the anastomosis, and the pulmonary 
artery was widened with a patch after closure of 
the anastomosis. The patient whose Waterston 
shunt had kinked the right pulmonary artery 
had pulmonary artery continuity restored by 
patching through the transaortic approach. 
Blood flow to the right lung was compromised to 
some extent by this repair; we have not yet, 
however, seen any published blood flow data in 
patients who have undergone direct patch re- 
pair of the right pulmonary artery. 

This study has not determined the reason we 
have seen little pulmonary artery kinking. It 
may be related to the operative technique at the 
time of construction of the shunt. Most of the 
shunts were done by the antecaval approach, 
and the points of closest proximity of the an- 
terior wall of the right pulmonary artery and the 
posterior wall of the aorta were carefully marked 
with a fine silk suture at the appropriate points 
of each vessel. Shunt size was kept to 3 mm in 
infants and 4 to 5 mm in older children. 

A large proportion of patients in this series 
required either a right ventricular outflow patch 
(63.2%) or a valve-bearing conduit between the 
right ventricle and the pulmonary artery 
(18.4%), reflecting the severity of the heart le- 
sions. Although some groups have found that 
outflow patching is associated with a high mor- 
tality [17], others have not supported this [8]. 


Two deaths occurred among the 24 patients with 
a patch (8.3%), but neither could be attributed to 
the patch. The third death, however, can be 
attributed to the presence of a composite graft 
conduit, since infection of the graft suture line 
was the proximate cause of death. 

Our experience supports the view that opera- 
tions to repair tetralogy of Fallot associated with 
an aortopulmonary shunt can be done with a 
mortality of 8%, which is only slightly higher 
than that after reparative procedures in patients 
who have not had a previous shunt. None of the 
3 operative deaths in our group of patients was 
related to closure of the aortopulmonary shunt; 
rather, they were due to PVO and unrelieved 
pulmonary stenosis with coronary artery injury, 
infection of a Dacron graft, and complex VSD. 
The 1 late death was probably due to a ventricu- 
lar arrhythmia. 

Our current policy regarding operative treat- 
ment of patients with tetralogy of Fallot is to do 
primary repairs in all age groups, using 
hypothermic circulatory arrest in infants and 
neonates [4]. Our only contraindications to cor- 
rective operation during infancy are the exis- 
tence of an anomalous anterior descending 
branch from the right coronary artery and the 
presence of severe hypoplasia of the pulmonary 
arteries (defined as a pulmonary artery diameter 
that is 30% of the aortic diameter). When repair 
is not elected, we recommend a Blalock-Taussig 
anastomosis whenever feasible in patients over 
the age of 3 months. For infants under 3 months, 
we prefer to do a Blalock-Taussig shunt when 
possible or to interpose a microporous ex- 
panded polytetrafluoroethylene prosthesis be- 
tween the ascending aorta and the main pulmo- 
nary artery. 
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Notice from the Southern Thoracic Surgical Association 


The Twenty-fourth Annual Meeting of the 
Southern Thoracic Surgical Association will be 
held at the Marco Beach Hotel, Marco Island, FL, 
on November 3-5, 1977. There will be a $100 
registration fee for nonmember physicians ex- 
cept for guest speakers, authors and coauthors 
on the program, and residents. 

Members wishing to participate in the scien- 
tific program should submit abstracts, in tripli- 
cate, by June 1, 1977, to James E. Cousar, M.D., 
2700 Riverside Ave, Jacksonville, FL 32205. 
Abstracts should be double-spaced on one side 
of one sheet of paper, with a 1-inch left margin, 


and limited to 200 words. All slides used during 
the presentation must be 35 mm. The abstract 
must list a member as coauthor. Manuscripts of 
accepted papers must be submitted to The An- 
nals of Thoracic Surgery by October 15, 1977. 

Applications for membership should be com- 
pleted by September 1, 1977, and forwarded to 
James L. Alexander, M.D., 40 Medical Arts 
Center, Savannah, GA 31405. 


]. Kent Trinkle, M.D. 
Secretary- Treasurer 
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modify our instruments to individual needs 
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unique instruments to surgeons specifi- 
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We understand the precise nature of a 
surgeon s work. Therefore, anything we can 
do to aid the surgeon's efforts is done. If that 
means adjusting the angle or direction of 





one of our instruments, we do that. If it 
means designing and producing a brand 
new instrument from scratch, that's what 
we do. We spare nothing to provide sur- 
geons with the tools they need. 


Scanlan instruments are made in Swe- 
den of the finest Swedish stainless steel. 
Each is tempered at the specific heat cor- 
rect for it. And each is finished by hand, by a 
skilled artisan. This produces instruments 
superior in strength, flexibility and durabil- 
ity than is possible with any other manu- 
facturer. 


At Scanlan, we make every instrument as 
though it is one of a kind. And sometimes, it 
really is. 
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Clinical Studies prove 
T.E.D. Anti-Embolism Stockings reduce 
the incidence of Deep Vein Thrombosis. 
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Incidence of DVT 21 
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Incidence of DVT 50% 
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Two recently completed studies provide 
clinical evidence that T.E.D. Anti-Embolism 
Stockings effectively reduce the incidence of 
deep vein thrombosis (DVT). 

In one study, 1135 fibrinogen was used to 
measure the incidence of DVT in 63 patients 
undergoing major abdominal surgery. One 
leg of each of the patients was fitted with a 
T.E.D. Anti-Embolism Stocking. The other 
was left non-compressed. 

Scanning ofthe patients revealed over 
four times as many cases of deep vein 
thrombosis in the non-stocking group 
asinthe stocking group.! 

In the other study, radioactive I!** fibrino- 
gen was also used. Seventy major surgical 
patients were divided into two groups 
matched for age, type of operation, duration 
of operation, and incidence of malignancy. 
One group was fitted with T.E.D. Anti- 
Embolism Stockings pre-operatively. The 
control group was non-compressed. 

The results showed that T.E.D. Anti- 
Embolism Stockings reduced the incidence 
of DVT by half.* 

For a more detailed account of the two 
studies and reports on other recent research, 
write The Kendall Company, One Federal 
Street, Boston, Mass. 02101. 

Attention: T.E.D. Product Center. 
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CONTRAINDICATIONS Stockings may not be recommended for 

patients with the following: 

1. Any local leg condition in which stockings would interfere, such as: 
a. dermatitis, b. vein ligation (immediate post-operative), 
c. gangrene, d. recent skin graft. 

2. Severe arteriosclerosis or other ischemic vascular disease. 

3. Massive edema of legs or pulmonary edema from congestive heart 
failure. 

4. Extreme deformity of leg. 


PRECAUTIONS: 

1. Proper sizing and application must be assured. 

&. For full-leg style T.E.D.’s, avoid interference of side panels or 
waistband with incisions, drainage tubes, catheters, or other 
exterior devices. 

CAUTION: Federal law restricts this device to sale by or use on the 

order of a physician. 
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The Clinically Proven Stocking That Reduces 
the Incidence of Thromboembolic Disease 
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Venous stasis...a dangerous precursor to pulmonary 
embolism. Diagnosis? Inconsistent. Probability for in- 
cidence following surgery? Significant. 

T.E.D. Anti-Embolism Stockings substantially re- 
duce venous stasis. That's a clinically proven fact. 
Twenty-five years of continuous research positively 
substantiate that claim. 

si T.E.D. Anti-Embolism Stockings are like no other 
E anti-embolism stockings. Exclusive construction pro- 
E. vides the proper gradients of pressure ...consistently, 
— precisely. A patented relaxed knee reduces pressure 
— atthe popliteal space, a patented gusset prevents 
— constriction. No harsh ridges or seams. Special toe 
-. opening for inspection. And eleven sizes that fit 98% 
_ Of all hospital admissions. Simple to apply, easy to 











Your Kendall salesman is professionally trained to 
help you implement a total prophylactic program in 
your hospital. Inservice guides, programs, tape mea- 
sures, and fitting charts eliminate the possibility of in- 
correct fit, improper use. 

T.E.D.—Low cost medical insurance against 
thromboembolic disease for the doctor, nurse and 
hospital. 


KENDAL 
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Thoracentesis Tray 


Is Your Present Thoracentesis 
As Efficient and Safe As It Could Be? 





Superior procedural technique...that’s the goal of 
CURITY diagnostics. And that goal can be met. Now, a 
fully automatic two-way valve provides maximum effi- 
ciency and safety in your thoracentesis procedure. This 
unique device permits automatic withdrawal and diver- 
sion of pleural fluid and prohibits retrograde fluid flow. 
The componentry connects to the valve and aspirates 
by a simple pulling and pushing of the syringe plunger. 
No continual manipulation of an outdated stop cock 
handle is necessary. 

A depth clamp adjusts automatically to the desired 


level of insertion and locks securely. No overpenetration. 


And the clamp position can be modified at any time 
during the procedure by simple manual regulation. 
The CURITY Thoracentesis Tray is now available 





with a flexible LONGDWELL Teflon catheter... greater 
safety throughout fluid aspiration, and simple reposi- 
tioning within the pleural cavity to obtain greater 
amounts of fluid. 

All this in a completely closed, aseptic system. All this 
in the CURITY Thoracentesis Tray. Another new hori- 
zon in CURITY diagnostics. 


INNOVATORS IN PATIENT CARE 
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gor the Travenol TMO Membrane Oxygenator 


nce the introduction of the Travenol TMO Membrane Oxyge- 
ator, surgeons have devoted significant effort to clinical 
aluations of this gas exchange device used during cardio- 
iimonary bypass. Independent teams led by Berry and 
eBakey reported that the TMO oxygenator produced less 
uma to the blood than bubble oxygenators!2 Solis 
‘edited it with better maintenance of platelet function? 
ccording to the experience of Heimbecker et al, the unit 
ontributed to lower levels of plasma hemoglobin during 
ypass and higher platelet survival rates. He also reported 
sductions in postoperative bleeding (chest drainage) and 
3e need for banked blood4 Of major significance is the 
vidence submitted by Liddicoat et al verifying that the TMO 
xygenator provided superior performance during cardio- 
ulmonary bypass when compared to bubble oxygenators5 
The Travenol TMO Membrane Oxygenator provides 









- Berry. WB. Davis, L., and Daniell, M.B. Clinical! trial with a disposable membrane 
xygenator From the Division of Cardiovascular and Thoracic Surgery, Memorial 
Tospital, Chattanooga, Tennessee. (Unpublished data—reprint of study available 
2. Beall, A.C., Jr, Solis, R.T.. Kakvan, M.. Morris, G.C., Jr, Noon, G.P., and DeBakey, M.E 
Slinical experience with the Teflo" disposable membrane oxygenator Ann. Thorac 
Surg., Vol. 21, No. 2, February 1976. 3. Solis, R.T., Kennedy, P.S., Beall, A.C., Jr., Noon 
P. and DeBakey. M.E. Cardiopulmonary bypass — microembolization and platelet 


these advantages at costs comparable to bubble oxygenators 
In addition, gas transfer across the membrane eliminate: 
oxygenator-created microbubbles. This method of gas ex 
change within the TMO Membrane Oxygenator more closeh 
resembles that of the normal human lung and will permi 
independent control of oxygen and carbon dioxide transfer 
The oxygenator is designed to operate at blood flow rate: 
up to 6 liters per minute and, under standard test conditions 
will transfer 300 ml of oxygen per minute. 

Copies of the previously mentioned papers and those 
others listed pertaining to the TMO Membrane Oxygenato 
are available upon request from your Travenol Cardiopul 
monary Systems Specialist. 


The Travenol TMO Membrane Oxygenator is the unit formerly referred to 
as the Travenol MODULUNG-TEFLO Membrane Oxygenator. 


aggregation. Circulation, Vol. 52, July 1975. 4. Heimbecker, R.O., McKenzie, F.N 
Wall, W., Robert, A., Barnicoat, K.T., and Gergely, N. Bloodless open heart surgery —tht 
blood sparing effect of a membrane oxygenator and an atraumatic circuit. Abstract o 
paper submitted to the Society of Thoracic Surgeons, 1976. 5. Liddicoat, J.E.. Bekassy 
S.M., Beall, A.C., Jr, Glaeser, D.H., and DeBakey, M.E. Membrane vs bubble oxygenator 
clinical comparison. Ann. Surg., Vol. 181, No. 5, May 1975 

Additional references on page 4 





ARTIFICIAL ORGANS DIVISION 
TRAVENOL LABORATORIES. INC. 


the Travenol TMO 
Membrane Oxygenator... 
performance you can count on 


DEERFIELD, ILLINOIS, U.S.A. 60015 


120 HEMOLYSIS 





100 
.80 
60 
40 
20 
Bubble TMO 
Oxygenator Membrane 
w/o filter Oxygenator 
w/0 filter 


Source: Graph constructed from data 
presented in reference No. 4. 


No. of cases — TMO Oxygenator 65 
Bubble Oxygenator 70 


Bubble oxygenator w/filter — peak hemolysis 200 mg % 
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DICATIONS 


e Travenol TMO Membrane Oxygenator is indicated 
the oxygenation of blood and the removal of carbon 
»xide from it in an extracorporeal circuit during 

al cardiopulmonary bypass at flow rates up to 6 
(rs/minute at altitudes not in excess of 2400 feet 

30 meters) 


INTRAINDICATIONS 

lection of patients as candidates for oxygenation is 
ally a medical responsibility and the outcome Is 
pendent on many variables, including patient 
thology and surgical and perfusion procedures 


\RNINGS 

aluation of this oxygenator at elevated altitudes 

5 shown inadequate outlet partial pressure for total 
pass (apparently because of lower O; partial 

assure differences across the membrane). Until 
propriate modifications are made. use of this device 
altitudes above 2400 feet (730 meters) is not 
sommended 

In patients who are actively bleeding, medical 
igment must be exercised in the use of the device 
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Source: Graph constructed from data presented 
in reference No. 3. 
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Perfusion Time 60-90 min 
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Perfusion Time — 60 min 
22 TMO cases 
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All cases w/o arterial filter 


Source: Graph constructed from data presented 
in reference No. 5. 


Use of blood suction devices must be limited where 
possible 


PRECAUTIONS 
Adequate heparinization is essential If the oxygenator 
is used in hyperbaric environments, both sides of the 
oxygenator must be referenced to the same pressure 
The gas outlet port should remain open and free of 
any obstructions 

Before using, refer to complete directions 
accompanying the product 


Additional references (continued from previous page) 
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Vol. VI, No. 4, 1974 
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Intraoperative Identification 


of the Conduction System in Repair 
of Endocardial Cushion Defect 


Grace S. Wolff, M.D., and Ralph D. Alley, M.D. 


ABSTRACT .Electrophysiological identification in- 
traoperatively of the His-Purkinje system eliminates 
the complication of complete heart block consequent 
upon repair of endocardial cushion defect (ECD). Ten 
patients, 6 with complete ECD and 4 with incomplete 
ECD, underwent repair of the defect. None of the 
patients developed heart block. Slight variations 
were noted in the location of the His bundle in 9 
patients, and a major deviation was found in 1 patient 
with incomplete ECD. The data support the use of 
intraoperative recordings as a necessary accompani- 
ment to the operative repair of ECD. 


While the incidence of surgical heart block has 
decreased with improvements in operative 
technique, this complication still attends the re- 
pair of some of the more complex congenital 
cardiac defects [4]. The development [1, 5, 19] 
and increased use of intraoperative recordings 
[2, 7-9] represent a significant contribution to 
the prevention of surgically induced heart block 
[6, 9, 10, 18, 21]. 

The present report documents the value of 
intraoperative recordings in the repair of com- 
plete and incomplete endocardial cushion defect 
(ECD). The results readily demonstrate the effi- 
cacy of the technique. They also show that vari- 
ations in the location of the bundle of His may 
necessitate mapping in all cases of ECD. Fur- 
thermore, the technique lends itself to use in all 
cardiac centers since it is technically simple and 
inexpensive, and it does not compromise valu- 
able bypass time. 
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Methods 


Ten patients underwent repair of ECD. Six had 
complete ECD, and 4 had incomplete defects. 
Continuous electrocardiographic recording was 
undertaken by means of a standard limb-lead 
electrocardiogram. Bipolar electrograms were 
recorded from an electrode placed at the 
superior vena cava-right atrial (SVC-RA) junc- 
tion. This electrode allowed for recording as well 
as pacemaker stimulation at that site. The His- 
Purkinje svstem was identified by the use of a 
hand-held tripolar electrode probe. The record- 
ing apparatus is available commercially as the 
Eletrace System.* Simultaneous recordings were 
taken of the surface ECG and atrial and ‘His 
electrograms with paper speeds of 50 and 100 
mm/sec and were monitored on a Model SP300 
Electronics for Medicine oscilloscope. The 
SVC-RA junction was stimulated by pacing in 
some, but not all, patients. The course of the 
conduction system was sought and identified 


prior to repair in all patients. In most patients, 
repeat identification was undertaken 
mediately prior to suture placement. Predeter- 
mined recording sites were agreed upon so as to 
encompass the usual location of the bundle. An 
anatomical sketch made at the operating table 
allowed for efficient correspondence between 
the surgeon and the physician viewing the oscil- 
loscope. Variations in the anatomy of ECD de- 
manded wider exploration than the planned 
format, and mapping was continued until the 
course of the bundle was located. 

Careful attention was given to avoidance of 
vigorous suctioning at the site of the coronary 
sinus, tugging on the SVC cannula, and over- 
zealous traction on sutures. Each of these ma- 
neuvers had been found to produce transient 
episodes of atrioventricular dissociation. 


im- 


*Eletrace System, Electro-Catheter Corp, Rahway, NJ. 
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The average time for the entire recording pro- 
cedure was five minutes. 


Results 


Recordings of the specialized conduction sys- 
tems were obtained in all patients. Figure 1 
demonstrates the electrophysiological re- 
cordings obtained in Patient 6 of Group I, com- 
posed of 6 patients with complete ECD. Gener- 
ally, the bundle followed a similar course in all 
patients with complete ECD. The bundle origi- 
nated close to the coronary sinus (CS) and 
skirted the posterior surface of the defect. Vari- 
ations in the location of the bundle were com- 
mensurate with anatomical variations in the 
complete form of the defect. Table 1 lists the 
preoperative and postoperative ECG findings in 
Group I. 

Table 2 summarizes the findings in Group II, 
which was composed of 4 patients with incom- 
plete ECD. In 3 of the 4 patients (Nos. 7, 8, and 
10) the bundle followed the expected course, 
originating a few millimeters cephalad to the 
base of the tricuspid valve and skirting the pos- 
terior surface of the defect. However, the prox- 
imal bundle deviated from this course in Patient 
9. Surprisingly, the bundle was encountered 
high on the posterior rim of the defect, cephalad 


to the CS. Figure 2 demonstrates the site of the 
bundle in Patient 9 and the recordings obtained 
from these sites. To circumvent the bundle in 
this area, it was necessary to employ a series of 
interrupted sutures posterior to the recorded 
site. 

All patients in Groups I and II retained sinus 
rhythm. 


Comment 


The anatomical appearance and location of the 
specialized conduction system in ECD has been 
described in detail [3, 12-14, 17, 20]. Identifica- 
tion of the anatomical location has prompted 
alterations in the repair of this defect with con- 
sequent decrease in the occurrence of complete 
heart block [15, 16]. Moreover, intraoperative 
electrophysiological delineation of the conduc- 
tion system has nearly eliminated this complica- 
tion [9, 10]. Krongraad and his colleagues [9, 10] 
demonstrated that the electrophysiological loca- 
tion of the bundle of His correlates with the 
anatomical and histological descriptions. Feldt 
and associates [3] and Lev [12-14] indicated in 
their anatomical descriptions that the atrioven- 
tricular node and bundle are displaced poste- 
riorly. The node originates close to the coronary 
sinus and continues into the bundle, which 


Table 1. Electrocardiographic Findings in Complete Endocardial Cushion Defect 





EGG 
Patient 
No. Age Defect Preoperative Postoperative 
i 35 mo Complete ECD Sinus rhythm, LAD, first- Sinus rhythm, LAD, first- 
degree AV block, RVH degree AV block, CRBBB 
2 19 mo Complete ECD, Sinus rhythm, northwest Sinus rhythm, LAD, first- 
large VSD, axis, first-degree AV degree AV block, CRBBB 
small ASD block, RVH 
3 21 mo Complete ECD Sinus rhythm, LAD, first- Sinus rhythm, LAD, first- 
degree AV block, RVH degree AV block, IRBBB 
4 22 mo Complete ECD Sinus rhythm, LAD, RVH, Sinus rhythm, LAD, RVH 
RAH 
9 19 mo Complete ECD Sinus rhythm, LAD, first- Sinus rhythm, LAD, first- 
degree AV block, RVH, degree AV block, IRBBB 
RAH, LAH 
6 29 mo Complete ECD Sinus rhythm, LAD, RVH Sinus rhythm, LAD, RVH, 


CRBBB 


ASD 1° = atrial septal defect, primum; AV = atrioventricular; CRBBB = complete right bundle-branch block; ECD = 
endocardial cushion defect; IRBBB = incomplete right bundle-branch block; LAD = left axis deviation; LAH = left atrial 
hypertrophy; RAD = right axis deviation; RAH = right atrial hypertrophy; RVH = right ventricular hypertrophy; VSD = 


ventricular septal defect. 
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Fig 1. (A) Operative view of the heart in Patient 6, obtained in Patient 6. The surface electrocardiogram 
who had a complete endocardial cushion defect. is recorded in the upper tracing, the atrial 

The numerals (1, 2,3, 4,5) refer to the recording electrogram in the middle tracing, and the His bundle 
sites and correspond to the drawings of the electrogram (HBE) in the lower tracing. (A — atrial 
electrophysiological tracings. The asterisk indicates depolarization; H — His depolarization; V — 

the His bundle electrogram. The bundle was found at ventricular depolarization.) 


sites 2, 3, and 4. (B) The intracardiac recordings 


42 The Annals of Thoracic Surgery Vol 23 No 1 January 1977 





xl) 9 
6 
A 
cu ATRIAL 
V "V V V V V ECG 


P P H H 
eom 38r HBE 
| a | 4 
Mike ite E oir = ATRIAL 


SURFACE 
ECG 





a s MÀ M 
* AV V V 

mam M — SM H BE 

5 6 


B 


43 Wolff and Alley: Conduction System Identification in Endocardial Cushion Defect Repair 


Table 2. Electrocardiographic Findings in Incomplete Endocardial Cushion Defect 


Preoperative 


Sinus rhythm, LAD, first- 
degree AV block, CRBBB 


sinus rhythm, first-degree 
AV block, RAD, IRBBB, 
LAH-RAH 


Sinus rhythm, LAD, IRBBB 


ECG 


Postoperative 
Sinus rhythm, LAD, first- 
degree AV biock, CRBBB 


Sinus rhythm, normal ORS 
axis, normal ECG 


Sinus rhythm, LAD, IRBBB 


Patient 
No. Age Defect 
7 34 yr Partial ECD, 
ASD 1°, cleft 
mitral and 
tricuspid valves 
8 3 yr Partial ECD, 
ASD 1°, cleft 
mitral valve 
9 415 yr Partial ECD, 
ASD 1°, cleft 
mitral valve 
10 4% yr Partial ECD, 


ASD 1°, cleft 
mitral valve 


Sinus rhythm, LAD, IRBBB 


Sinus rhythm, LAD 


ASD 1° = atrial septal defect, primum; AV = atrioventricular; CRBBB = complete right bundle-branch block; ECD = 
endocardial cushion defect; IRBBB = incomplete right bundle-branch block; LAD = left axis deviation; LAH = left atrial 
hypertrophy; RAD = right axis deviation; RAH = right atrial hypertrophy; RVH = right ventricular hypertrophy; VSD = 


ventricular septal defect. 


traverses the posterior portion of the central 
fibrous body. The bundle courses along the in- 
ferior rim of the defect. 

The posterior displacement of the bundle and 
its proximity to the CS have been confirmed 
electrophysiologically [9, 10]. Additionally, 
Krongraad’s group found abnormal deviation of 
the proximal bundle in 2 patients [9, 10] with 
primum atrial septal defect. In 1 patient [9] the 
proximal bundle started immediately adjacent 
to the CS but more inferiorly and dorsally than 
usual. In our Patient 9 the bundle was, unexpec- 
tedly, cephalad to the CS. In another patient 
reported by Krongraad and his colleagues [10], 


Fig 2. (A) Operative view of the heart in Patient 9, 
with an incomplete endocardial cushion defect. The 
numerals (1,3,4,5, 6)refer to the recording sites and 
correspond to the drawings of the electrophysi- 
ological tracings. The asterisk indicates the His 
bundle electrogram. The bundle was found at 

sites 3 and 5. Site 5 encompasses the dotted line. It 
is presumed that between sites 3 and 5 the bundle 
deviated to the left side of the septum. (B) 
Intracardiac recordings obtained in Patient 9. The 
atrial electrogram is recorded in the upper tracing, 
the surface electrocardiogram in the middle tracing, 
and the His bundle electrogram (HBE) in the lower 
tracing. (A — atrial depolarization; H — His 
depolarization; P = Purkinje depolarization, the 
sharp wave immediately preceding ventricular 
depolarization: V = ventricular depolarization.) 


the proximal bundle recordings were obtained 
inferior to the coronary sinus ostium and distal 
bundle recordings from the left side of the ven- 
tricular septum. No recordings were obtained 
from the usual area adjacent to the tricuspid 
valve. 

While it is evident that the course of the con- 
duction system can be predicted in many cases 
of ECD, it is also clear that deviations occur. Itis 
apparent that these deviations can be identified 
with intraoperative electrophysiological deline- 
ation. Consequently, the specialized conduc- 
tion system can be preserved, and surgical heart 
block can be eliminated. 
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Intraoperative Application 
of Intraaortic B 


oon Counterpulsation 


Determined by Clinical Monitoring 
of the Endocardial Viability Ratio 


Peter A. Philips, M.D., and David Bregman, M.D. 


ABSTRACT Persistent unrecognized subendocar- 
dial ischemia with development of subendocardial 
necrosis is a major cause of patient death following 
cardiopulmonary bypass. The lesion is caused by a 
discrepancy between the oxygen needs of suben- 
docardial muscle and the available blood supply. If 
sole reliance is placed upon monitoring conventional 
vital signs, the more subtle factors contributing to 
decreased blood flow may go unrecognized. 

Reported studies have confirmed that the adequacy 
of subendocardial perfusion can be predicted by cal- 
culating the supply/demand ratio, defined as the ratio 
of the diastolic pressure-time index (DPTT) divided 
by the systolic pressure-time index (TTI). An analog 
computer was designed and built that measures the 
area under the systolic and diastolic component, cal- 
culates the DPTI/TTI ratio, and digitally displays the 
result as the endocardial viability ratio (EVR). 

The EVR was used to determine the adequacy of 
left ventricular subendocardial blood flow in 64 con- 
secutive patients undergoing cardiac operations. 
Unidirectional intraaortic balloon counterpulsation 
(IABC) was utilized in 14 patients with 9 long-term 
survivors. The difference in mean EVR between sur- 
vivors and nonsurvivors at the initiation of balloon 
support was statistically significant. Early applica- 
tion of unidirectional IABC when subendocardial is- 
chemia persists following open cardiac procedures 
may prevent deterioration to subendocardial necrosis 
with subsequent morbidity or mortality. 


The application of mechanical circulatory assis- 
tance with intraaortic balloon counterpulsation 
(IABC) is a recognized modality for treatment 
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of pump failure following cardiopulmonary 
bypass [4, 8, 9, 14]. Subendocardial ischemia 
appears to be a common cause of postperfusion 
pump failure and, if unrecognized, can lead to 
subendocardial necrosis and death [7, 11, 13, 
18]. If it is recognized early, the hemodynamic 
factors contributing to the abnormality may be 
reversible by application of methods designed 
to reduce left ventricular afterload and increase 
coronary artery perfusion. Indications for utili- 
zation of IABC have been enumerated, but car- 
diac deterioration may occur before these 
changes are clinically apparent [2]. If sole re- 
liance is placed upon systemic arterial and cen- 
tral venous pressure monitoring, factors con- 
tributing to decreased subendocardial blood 
flow may persist, leading to subendocardial is- 
chemia, low cardiac output, and immediate or 
late morbidity or possibly death [5]. 

Monitoring the supply/demand ratio, defined 
as the ratio of the diastolic pressure-time index 
(DPTI) civided by the systolic pressure-time 
index (TTD, in the immediate postperfusion 
period allows a qualitative observation of the 
pressure-time variables that contribute to sub- 
endocardial ischemia. The DPTI describes 
pressure-time events during diastole and accu- 
rately estimates diastolic and subendocardial 
blood flow distribution [6]. Myocardial oxygen 
requirements in the resting state relate to the 
area under the systolic pressure curve, where 
TTI is a qualitative measurement of oxygen de- 
mand [17]. The purpose of this paper is to demon- 
strate the usefulness of on-line monitoring of the 
myocardial supply/demand ratio as an indicator 
of subendocardial ischemia and as a determi- 
nant of the timely application of IABC. 


Methods and Materials 


Based on concepts that changes in subendocar- 
dial blood flow and distribution may be deter- 
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mined by measuring the areas under the systolic 
and diastolic pressure curves, an analog com- 
puter was designed and built that allows beat- 
by-beat monitoring of the endocardial viability 
ratio (EVR) (Fig 1). The computer measures the 
area under the systolic (TTI) and diastolic (DPTT) 
pressure waves, subtracts left atrial pressure 
from the diastolic component, figures heart rate, 
calculates the DPTI/TTI ratio, and digitally dis- 
plays the result as the EVR. 

This ratio was used for evaluating the ade- 
quacy of left ventricular subendocardial perfu- 
sion in 64 consecutive cardiac surgical patients. 
Radial artery (systemic) pressures, left atrial and 
central venous pressures, blood gases, urine out- 
put, electrolytes, and EVR were recorded in- 
traoperatively and for three days postopera- 
tively. The data were analyzed for statistical sig- 
nificance using the paired t-test. In all patients 
cardiopulmonary bypass, hypothermia, and 
anoxic arrest were utilized. A hemodilution 
prime consisting of Isolyte S, albumin, dextrose, 
insulin, potassium chloride, heparin, and 
methicillin was used. 


Fig 1. The EVR is calculated from easily obtainable 

pressure measurements. The areas under the systolic 
and diastolic pressure waves may be determined by 
number ratio, planimetry, or digital computer. 


DPTI (DP — LAP) x To 
TTI SPx Ts ` 
(52 — 12) x 70 


= a 10 
76 x 35 


EVR - 


where SP — mean systolic arterial pressure, Ts — 
systolic time, To — diastolic time, DP = mean 
systemic diastolic pressure, and LAP = mean left 
atrial pressure. 


{measured in 
millimeters) 





Operations in the study group included 48 
valve replacements (27 mitral, 8 aortic, 6 com- 
bined aortic and mitral, 7 mitral and tricuspid), 
11 coronary artery bypasses, 4 atrial septal defect 
repairs, and 1 atrioventricular canal procedure. 
There were 17 valve replacements, 6 commis- 
surotomies, and 4 annuloplasties involving the 
mitral valve. Of the 6 combined aortic and mitral 
procedures, 3 were double-valve replacements. 
There were 2 combined mitral and tricuspid re- 
placements, 2 mitral valve replacements with 
tricuspid annuloplasty, and 3 mitral commis- 
surotomies with tricuspid valve replacement. 
The coronary graft series consisted of a single 
left anterior descending (LAD) saphenous vein 
bypass, 3 combined LAD-right coronary by- 
passes, and 6 LAD-circumflex bypass combina- 
tions. One patient underwent a left internal 
mamunary artery bypass to the LAD and a 
saphenous vein bypass to the circumflex coro- 
nary artery. Ages ranged from 8 to 66 years with 
a mean of 37. 

A unidirectional intraaortic balloon* was 
utilized in the immediate postperfusion period 
when left atrial pressures rose above 25 mm Hg 
and EVR remained below 0.7 for more than 30 
minutes after cessation of cardiopulmonary 
bypass. Earlier application was initiated when it 
was apparent that the patient could not be 
weaned from bypass or when persistent ar- 
rhythmias made maintenance of good cardiac 
function difficult. In 2 patients augmentation 
was begun 6 and 14 hours, respectively, after 
operation when left atrial pressure rose above 30 
mm Hg, systemic pressure fell below 85 mm Hg 
systolic, and electrocardiographic evidence of 
ischemia was noted. In both instances low car- 
diac output was manifested clinically by increas- 
ing restlessness and mental obtundation; de- 
creasing urine output; cool, mottled extremities; 
and moist skin. The decline in clinical status was 
associated with a downward trend in the EVR. 

Fifty patients with average postperfusion 
EVRs above 0.87 had an uneventful postopera- 
tive recovery. Unidirectional intraaortic balloon 
augmentation was utilized in 14 patients. Each 
patient in this group had had preoperative 
electrocardiographic and vectorcardiographic 


"Datascope System 80, Datascope Corp, Paramus, NJ. 
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changes indicative of hypertrophy or myocar- 
dial ischemia. Average systemic pressure after 
cardiopulmonary bypass and prior to augmenta- 
tion was 90/65 mm Hg, average mean left atrial 
pressure was above 24 mm Hg, and EVRs were 
below 0.7. 

In 9 long-term survivors (Table 1) IABC was 
initiated within 30 minutes after termination of 
cardiopulmonary bypass when EVRs remained 
at or below 0.7. This early application of balloon 
counterpulsation significantly lowered left atrial 
pressures, toa mean of 20 mm Hg, and increased. 
mean EVR to 1.18 (Fig 2). Comparing nonaug- 
mented EVRs following balloon support with 
preaugmentation EVRs shows that an increase 
in this ratio correlated well with clinical im- 
provement. 

In the other 5 patients (Table 2), despite appli- 
cation of counterpulsation, cardiac function con- 
tinued to deteriorate. In these patients, car- 
diopulmonary bypass had been continued for 
longer than 40 minutes before IABC was initi- 
ated. During attempts to wean them from car- 
diopulmonary bypass, EVRs fell below a mean 


of 0.55, and unidirectional balloon counterpul- 
sation was not adequate to maintain cardiac 
function. The EVRs remained below 0.7, left 
atrial and systemic pressures deteriorated, and 
death ensued (Fig 3). The difference in mean 
EVR between survivors and nonsurvivors at the 
initiation of balloon support and between pa- 
tients who received IABC and those who did 
not was statistically significant (p < 0.0001) 
(Fig 4). 


Comment | 

The problem of myocardial ischemia in an 
operative setting is notlimited to the intraopera- 
tive period. Although a great deal of emphasis 
has recently been put on intraoperative protec- 
tion of the myocardium [12], factors leading to 
myocardial ischemia before and after car- 
diopulmonary bypass are being recognized. 
Utilizing creatine phosphokinase MB isoen- 
zyme, Isom and co-workers [10] demonstrated 
initial enzyme release prior to cardiopulmonary 
bypass in 28 (92%) of a series of 30 patients 
undergoing coronary revascularization. They 


Table 1. Survivors of Postperfusion Unidirectional Intraaortic Balloon Counterpulsation 


Preaugmentation Postaugmentation 
Lesion & SAP LAP SAP LAP 
Operation (mm Hg) (mm Hg) EVR (mm Hg) (mm Hg) EVR 
AS—AVR 65/48 37 0.378 115/1177 20 1.05 
Triple-vessel disease— 100/57 25 0.838? 135/120? 25 1.28 
double vein bypass 
AI/MS—MVR 102/55 35 0.666 125/120? 25 1.267 
125/87° 1.09° 
AS—AVR 70/52 32 0.780 135/100? 25 1.36 
MS/AR—MVR/AVR 66/41 25 1.059 110/87? 20 1.33 
AI—AVR 110/75 2& 0.678 140/135? 12.5 1,26" 
140/98° 0.92* 
MS—MVR 60/50 42 0.390 70/72? 20 0.83 
Double-vessel disease— 87/50 20 0.310 150/80 12 1.10 
double vein bypass . 
TI/MI—TVR/MVR 54/40 14 0.830" 120/60 25 0.74 
? Augmented. 


"Immediately postoperatively. 
“Unaugmented. 


‘Early augmentation. 


SAP = systemic arterial pressure; LAP = left atrial pressure; EVR = endocardial viability ratio; AS = aortic stenosis; AVR = 
aortic valve replacement; Al = aortic insufficiency; MS = mitral stenosis: MVR = mitral valve replacement; AR = aortic 
regurgitation; TI = tricuspid insufficiency; MI = mitral insufficiency; TVR = tricuspid valve replacement. 
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mm Hg 


30min ofi CPB 


100 


EVR 1.3 EVR 1.08 


20 hrs off CPB 
30 balloon augmentation 
3:1 





EVR LI 
off balloon augmentation 
one hour 





Fig2. (A) Endocardial viability following internal 
mammary artery-LAD saphenous vein bypass 
grafting to the obtuse marginal artery. Thirty 
minutes after termination of cardiopulmonary 
bypass the EVR was 0.31 despite “adequate” 
systemic and left atrial pressures. (B) Unidirectional 
balloon augmentation was initiated. Twenty hours 
postoperatively, augmentation was 3:1. Augmented 
EVR, 1.3; nonaugmented EVR, 1.08. (C) At one hour 
off balloon augmentation the EVR was 1.1. The 
remainder of the postoperative course was 
uneventful. 


termed the prebypass anesthesia interval the 
unrecognized vulnerable period and stressed its 
critical importance. In a postoperative study, 
Brody and associates [5] showed depressed left 
ventricular function and subendocardial fi- 
brosis five months following cardiopulmonary 
bypass in dogs subjected to different methods of 
intraoperative myocardial protection. Bregman 
and colleagues [3], reporting a series of 24 pa- 
tients who received IABC support following 
cardiopulmonary bypass, demonstrated that in 
9 patients in whom balloon counterpulsation 
was initiated an average of 13 hours 40-minutes 
after completion of an open-heart operation, the 
duration of IABC was 3396 longer than in pa- 
tients who received balloon support in the 
operating room. In this same series, 4 patients 
who could not be weaned from IABC were found 
at postmortem examination to have diffuse sub- 
endocardial infarction of the left ventricle. 
Experimental [6] and clinical [15, 16] evidence 
has shown that changes in left ventricular per- 
formance and distribution of myocardial blood 
flow are predictable by estimating subendocar- 
dial flow from the DPTI and myocardial oxygen 
needs from the TTI. The supply/demand ratio 
(EVR) can provide an accurate estimate of the 
adequacy of oxygen delivery to the myocardium 
because this ratio takes into account both oxy- 
gen requirement and factors affecting oxygen 
supply for each cardiac beat. Buckberg and co- 
workers [6] demonstrated histochemical evi- 


tt 
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Table 2. Deaths Occurring with Unidirectional Balloon Support 


Preaugmentation 


Lesion & SAP LAP 

Operation (mm Hg) (mm Hg) EVR 

MI/TI—MVR/TVR 75/55 33 cm H,O 0.57 

CVP 

Triple-vessel disease— 60/50 27 . 0.66 
double vein bypass 

Triple-vessel disease— 50/25 26 0.43 
double vein bypass 

MI/TI—MVR/TVR 135/90 9240 0.32 

AS—AVR 50/40 26 0.53 


Postaugmentation 


SAP LAP 
(mm Hg) (mm Hg) EVR 


Postmortem 
Findings 


50/30 30cm HO 0.64 Right heart failure 


CVP 
93/50 28 0.7 Myocardial necrosis 
80/60 25 0.66 Myocardial necrosis 
80/50 25 0.68 Right heart failure 
82/50 12.5 0.54  Subendocardial 
necrosis 


(stone heart) 


CVP = central venous pressure. Other abbreviations same as for Table 1. 


inue cinesi d 


1:2 Augmentation 
Non Aug: EVR .53 
Aug : EVR 1.04 





Radial 
Artery 





Fig 3. Endocardial viability ratio in a patient who 
died. (A) Balloon augmentation was initiated after 
prolonged cardiopulmonary bypasssuppor:. The 
preoperative aortic gradient had been 110 mm Hg. 
EVR 0.53, cardiac function poor, ischemic changes 
on ECG. (B) Despite intraaortic balloon 
counterpulsation, cardiac function remained poor. 
The EVR of 0.98 reflects the diastolic component of 
balloon augmentation. An ischemic ECG pattern 
persists. (LA — left atrium.) 


dence of subendocardial ischemia and showed 
decreased diastolic flow with redistribution to 
the subepicardium when the ratio was less than 
0.7. 

Subendocardial ischemia appears to be a 
common cause of low-cardiac-output states in 
the operative setting. Early recognition of im- 
pending ischemia may be obtainable from 
routine pressure measurements before and after 





Sud xs Gd xe d 


EVR .98 


Rodia! 
Artery 


LA 


operation. Adelman and co-workers [1], in a 
retrospective study of patients undergoing aor- 
tocoronary bypass for stable angina, found that 
the mean EVR was significantly lower in 42 pa- 
tients who died or who required IABC for post- 
operative cardiogenic shock. Their findings 
suggest that patients with low EVRs undergoing 
aortocoronary bypass have a much higher mor- 
tality. Williams and associates [19], reporting on 
a series of 16 patients with acute coronary insuf- 
ficiency, noted that by calculating the supply/ 
demand ratio, they could isolate this group from 
patients with other types of anginal states. The 
EVR was significantly lower, suggesting that 
subendocardial ischemia existed prior to opera- 
tion. Nine of these patients died, and at post- 
mortem examination all had extensive areas of 
subendocardial ischemia, necrosis, and fi- 
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Fig 4. The difference in mean EVR between survivors 
and nonsurvivors at the initiation of balloon support 
is statistically significant (p « 0.0001). 


brosis. In Bregman's series of patients requiring 
IABC after cardiac procedures, persistently low 
EVRs were noted in the operating room after 
cardiopulmonary bypass was terminated and up 
tothe time of IAB insertion. Application of IABC 
was followed by an increase in mean blood pres- 
sure, decrease in mean left atrial pressure, and 
rise in EVR. Also associated with higher EVR 
was a uniform increase in blood flow through 
coronary grafts as measured by án elec- 
tromagnetic flowmeter one hour after initiation 
of IABC [3]. The increase in coronary blood flow 
during counterpulsation seen in Bregman's 
group of patients in conjunction with a rise in 
EVR suggests that a redistribution of trans- 
myocardial coronary blood flow occurred, with 
improved subendocardial perfusion. 
Hemodynamic changes that may occur in the 
immediate postoperative period and lead to 
subendocardial ischemia are an increased sys- 
tolic ejection time, low diastolic pressure, de- 
creased diastolic time per beat, and increased 
left ventricular afterload (increased left ventricu- 
lar end-diastolic pressure) (Fig 5). Myocardial 
blood flow is regulated by these factors, and the 
DPTI, depending on the pressure-time relation- 
ship of these events, can estimate diastolic and 
subendocardial blood flow. However, the 
adequacy of a given amount of flow can be de- 
termined only if it is related to the oxygen re- 
quirement at a particular time. The TTI, as de- 
scribed by Sornoff and associates [17], is a 


reliable measure for assessing oxygen con- 
sumntion: and the DPTI/ TTI ratin encamnascing 
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Fig 5. Factors tending to reduce diastolic coronary 
blood flow. 


factors affecting supplyldemand, may be used 
to estimate accurately the adequacy of oxygen 
delivery to the entire myocardium. 

The EVR may be well suited as a monitoring 
modality in patients undergoing unidirectional 
IABC. Balloon counterpulsation acts to offset 
factors contributing to subendocardial is- 
chemia. There is an immediate rise in diastolic 
pressure that increases the area under the dias- 
tolic pressure curve and hence oxygen supply 
(DPTD. The area under the systolic pressure 
curve (TTI) falls, reflecting a decrease in im- 
pedance to left ventricular ejection and oxygen 
demand. Left atrial pressure falls, indicating de- 
creasing diastolic left ventricular wall tension. 
Finally, by retlex mechanisms, the cardiac rate 
slows, lengthening the diastolic period and al- 
lowing more diastolic filling time (Fig 6). 

In this series of 64 patients, when the EVR 


Fig 6. Effects of unidirectional intraaortic balloon 
counterpulsation on EVR. 
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remained between 0.7 and 0.8, good clinical re- 
covery occurred over a wide range of supply/ 
demand relationships, suggesting a more uni- 
form distribution of myocardial blood flow. An 
EVR below 0.7 was accompanied by progressive 
clinical deterioration and was assumed to reflect 
a reduction in total flow to subendocardial mus- 
cle. In the 14 patients in whom unidirectional 
balloon counterpulsation was utilized, the aver- 
age mean left atrial pressure was 24 mm Hg and 
systemic pressure, 90/65 mm Hg. In each case, 
EVR remained below 0.75 prior to augmenta- 
tion, and persistent poor cardiac function was 
evident by arrhythmias, elevated left ventricular 
end-diastolic pressure, and poor urine output. 
Those EVRs in the range of 0.5 to 0.7 were con- 
sidered to indicate severe degrees of inner layer 
underperfusion and, if allowed to persist 40 
minutes or longer, were associated with patient 
death. EVRs remained below 0.7 when augmen- 
tation was discontinued, and ischemic and ne- 
crotic subendocardial changes were apparent 
postmortem. Application of unidirectional 
IABC within 30 minutes if EVRs remained low 
or if continued cardiopulmonary bypass sup- 
port was necessary resulted in reversal of is- 
chemic factors and patient survival. 

The statistical significance demonstrated in 
mean EVR between survivors and nonsurvivors 
at the time of balloon augmentation seems to 
indicate that early application of IABC when 
EVRs are low or falling carries a better prognosis 
than if EVRs are permitted to remain low for 
periods exceeding 35 minutes. 
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gen Consumption during Surface-Induced 
Deep Hypothermia under Halothane Anesthesia 


Takeshi Ishitoya, M.D., Shigekazu Sato, M.D., Giuseppe DiBenedetto, M.D., 
Vittorio Vanini, M.D., Hitoshi Mohri, M.D., K. Alvin Merendino, M.D., 


and David H. Dillard, M.D. 


ABSTRACT The effect of halothane—100% oxygen 
anesthesia on oxygen consumption was studied in 10 
dogs subjected to surface-induced deep hypothermia 
with 30 minutes of circulatory arrest. The results were 
compared with previous oxygen consumption data 
under ether—100% oxygen anesthesia. 

Low cardiac output, especially during the rewarm- 
ing period, low Pao,, and a large arteriovenous oxy- 
gen difference during rewarming were significantly 
different in the halothane group, despite identical 
oxygen consumption in both groups. These differ- 
ences could not elucidate the exact cause of post- 
operative motor disturbances associated with 30 
minutes of circulatory arrest in the halothane group. 
The possibility that there was higher oxygen con- 
sumption under halothane anesthesia is discussed. 


The successful application of deep hypothermia 
in our institution for repair of congenital cardiac 
defects in small infants has been made possible 
by the development of a cooling method that 
employs deep ether anesthesia in 100% oxygen 
and respiratory alkalosis [1, 2, 5, 7]. Various 
other anesthetic agents have been tested for use 
with surface hypothermia. Halothane, for exam- 
ple, was proved unsatisfactory when given 
with 10096 oxygen since all animals developed 
severe motor disturbances even after only 30 
minutes of circulatory arrest [4]. A subsequent 
study, however, revealed that the incidence of 
the motor disturbance could be minimized sim- 
ply by adding 596 carbon dioxide, which possi- 
bly increased oxygen availability to tissues [8]. 
These results were puzzling, because with 
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‘ether, the addition of 5% carbon dioxide has 


little effect on gait disturbance following pro- 
longed circulatory arrest under hypothermia [5]. 
A previous oxygen consumption study [6] dem- 
onstrated that satisfactory oxygen supply to tis- 
sue under ether anesthesia was possible despite 
the presence of severe alkalosis and low body 
temperature, under which conditions oxygen 
transfer from blood to tissue is theoretically ex- 
tremely poor due to the leftward shift of the 
oxyhemoglobin dissociation curve. In order to 
elucidate the different mechanisms of oxygen 
consumption with different anesthetic agents, 
the previous oxygen consumption study [6] 
under ether anesthesia was duplicated using 
halothane and 10096 oxygen. 


Materials and Methods 


Ten aduit mongrel dogs with an average weight 
of 16.0 kg (range, 13.9 to 19.0 kg) were subjected 
to deep surface hypothermia with 30 minutes of 
circulatory arrest under halothane anesthesia. 
The hypothermia technique developed at this 
institution [5] was duplicated except for the use 
of halothane instead of ether anesthesia. Follow- 
ing endotracheal intubation under thiamylal 
sodium anesthesia, halothane in 10096 oxygen 
was administered with a semiclosed system in- 
cluding a Fluotec vaporizer and a Palmer res- 
pirator. 

Moderate anesthesia levels were used, and 
ventilation was kept at usual levels for nor- 
mothermia so as to induce respiratory alkalosis 
gradually with cooling. Direct ice-water immer- 
sion cooling was discontinued at 22°C rectal 
temperature, and the chest was opened under 
aseptic conditions for elective circulatory arrest. 
During these preparations, the rectal tempera- 
ture continued to decline to 18° to 20°C, at which 
time circulatory arrest was established by caval 
occlusion and aortopulmonary cross-clamping. 
Cardioplegia was induced by injection of 
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Young's solution" into the aortic root proximal 
to the aortic clamp. Following the 30 minutes of 
circulatory arrest, resuscitation was accom- 
plished with intravenous injection of calcium 
chloride and manual cardiac massage. When 
ventricular fibrillation developed, defibrillation 
was accomplished by 50-volt ac shocks. Re- 
warming to 35°C was achieved by floating the 
animals on a plastic sheet overlying a warm- 
water bath. 

The following laboratory tests were carried 
out during the procedure. Arterial and venous 
blood specimens were taken from arterial and 
venous catheters placed in the thoracic aorta and 
right ventricle through femoral vessels. One 
other venous catheter and the arterial catheter 
served as pressure monitors. Analyses of pH, 
Pco;, Poe, oxygen saturation, hemoglobin, and 
hematocrit were done prior to cooling; at 35°, 
30°, 25°, and 20°C during cooling; 3 minutes after 
initiation of manual cardiac massage for resusci- 
tation; and at 20°, 25°, 30°, and 35°C during re- 
warming. Triple tests of oxygen saturation and 
hemoglobin content were done on each speci- 
men with an Instrumentation Laboratory Model 
182 cooximeter. 

The pH, Pco;, and Po; were determined using 
an Instrumentation Laboratory Model 113 pH/ 
blood gas analyzer with electrodes equilibrated 
to the temperature of each specimen to eliminate 
calculation errors. Oxygen consumption mea- 
surement was done using a Collins 9-liter res- 
pirometer. 

Arteriovenous oxygen differences were ob- 
tained and cardiac outputs were calculated as 
follows: 


CO = O, consumption 

AV O, difference 

The data from all variables were processed so as 
to provide mean values and standard de- 
viations. Statistical significance was evaluated 
with Student's t-test. Results were then com- 
pared to the previous oxygen consumption data 
under ether—100% oxygen anesthesia [6]. 


"Young's solution contains 0.81 gm of potassium citrate, 2.16 
gm of magnesium sulfate, 0.001 gm of neostigmine methyl- 
sulfate, and sufficient water to make 100 ml; pH is adjusted 
to 7.4 by the addition of sodium bicarbonate. 


Results 


All animals survived the procedure. There were 
no complications throughout cooling, resuscita- 
tion, and rewarming. All developed a severe 
postoperative motor disturbance in the form of a 
high-stepping gait that primarily affected the 
forelimbs. Changes in studied variables are 
summarized in the Table. Changes in oxygen 
consumption obtained from the current and 
previous ether anesthesia series are presented in 
Figure 1. Oxygen consumption in the halothane 
group decreased from 5.4 mi/kg/min at nor- 
mothermia to 1.4 ml/kg/min at 20°C during cool- 
ing (p « 0.01). At 3 minutes after initiation of 
cardiac massage there was a notable increase 
(2.9 ml/kg/min) in oxygen consumption. Follow- 
ing resuscitation and rewarming to 20°C, oxy- 
gen consumption declined to 2.1 ml/kg/min. 
With further rewarming, oxygen consumption 
increased gradually. Values were consistently 
greater than at the corresponding temperature 
during cooling at 25°, 30°, and 35°C (p < 0.2, < 
0.01, and < 0.2, respectively). Upon return to 
normothermia, oxygen consumption exceeded 
the control value and reached 110% of the pre- 
cooling control. 

The AV oxygen difference (Fig 2) decreased 
with initial cooling to 30°C from 3.9 ml/dl of the 
control to 2.6 ml/dl (66.7% of control), but it 
returned to near the control values at 20°C of 
cooling. A large increase in AV oxygen differ- 
ences (26 to 51% increase) was noted throughout 
the rewarming period (p < 0.05 at 25°C), espe- 
cially during cardiac massage for resuscitation, 
when it registered 9.3 ml/dl (p < 0.05). 

Oxygen saturation (see Fig 2) of arterial blood 
remained unchanged during cooling at 98.5%. 
Venous saturation increased slightly from the 
control level of 83.8% to 91.196 at 30°C and then 
returned to 83.8% at 20°C. Following cardiac 
arrest and during cardiac massage, a slight de- 
crease in arterial oxygen saturation to 82.9% was 
noted, while venous oxygen saturation pre- 
cipitously dropped to 46.796 (p « 0.01). 

Cardiac output (Fig 3) decreased gradually 
during cooling from 143.5 ml/kg/min at nor- 
mothermia to 39.6 ml/kg/min (27.5% of the con- 
trol) at 20°C (p « 0.01). The cardiac output dur- 
ing 3 minutes of cardiac massage was the same 
as at 20°C during cooling (p « 0.05). Recovery of 
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Changes in Measured Variables during Hypothermia under Halothane Anesthesia 





Cooling? Rewarming* 
3 Min 
after Post- 
Start rewarming? 
Variable Control 35° 30° 25° 20° of CM 20° 25° 30° oF: 37° 
Oxygen consumption 5.4 3.9 2.6 1.8 1.4 29 2.1 2.7 3.7 5.7 6.1 
(ml/kg/min) 
Oxygen content 
(ml/dl blood) 
Arterial 19.3 19.2 18.0 17.5 19.4 19.1 21.0 20.9 20.6 20.8 20.4 
Venous 15.2 16.1 15.4 14.4 15.5 9.8 16.1 15.0 15.4 15.6 14.8 
Arteriovenous 3.9 3.2 2.6 3.2 4.0 9.3 4.9 5.9 5.2 5.2 5.6 
oxygen 
difference 
(mi/dl blood) 
Oxygen saturation 
(%) 
Arterial 98.5 98.4 98.7 98.8 97.9 82.9 90.8 95.3 94.7 97.0 97.2 
Venous 83.8 87.8 91.1 87.9 83.8 46.7 71.3 71.6 79.1 75.5 71.7 
Po, (inm Hg) 
Arterial 353 357 397 405 311 59 115 163 119 227 247 
Venous 49 52 49 28 18 8 15 20 30 47 43 
Pco, (mm Hg) 
Arterial 29.3 28.9 20.3 15.5 15.0 18.4 15.9 15.9 20.9 28.6 29.6 
Venous 33.7 32.6 23.0 18.6 17.2 20.1 17.4 18.8 23.3 31.7 32.8 
Cardiac output 143.6 139.8 109.0 68.4 39.6 35.1 44.9 47.6 75.4 114.9 114.6 
(mi/kg/min) 
Arterial pH 7.41 7.43 7.51 7.95 7.57 7.45 7.43 7.40 7.38 7.33 7.31 


“Rectal temperatures in °C. 


CM = cardiac massage. 


cardiac output by rewarming was slow and 

J^ reached only 52.596 of the control at 30°C (p « 
0.05) and 80% of the control (114.6 ml/kg/min) at 
the completion of rewarming. 

Arterial oxygen pressures remained at ranges 
of 353 to 405 torr until body temperature fell to 
25°C, but they decreased slightly thereafter to an 
average of 311 torr at 20°C of cooling (Fig 4A). 
During initial resuscitation the arterial Po; was 
low, registering only 59 torr after 3 minutes 
of cardiac massage. The Pao, increased gradu- 

O- Cont 35 30 25 20 20 25 30 35 after ally during rewarming but was significantly 
Rectal temperature (°C) eer lower (p < 0.05, < 0.05, < 0.01 at 20°, 25°, and 

a ee fe ies 30°C, respectively) than at corresponding tem- 
Fig Alteration of oxygen consumptionduring perature during cooling, and it returned to 247 


under halothane (open circles) and ether (closed torr only at the completion of rewarming. Ve- 
circles) anesthesia. nous Po, remained around 49 torr during cool- 


ing to 30°C and decreased thereafter, reaching 18 
torr at 20°C (p < 0.01) during cooling. During 
rewarming the venous Po, was extremely low 
until 25°C (p < 0.01), but it gradually increased 
thereafter and returned to the control value upon 
rewarming (see Fig 4A). 
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Fig 2. Alteration of oxygen content, AV oxygen 
difference, and oxygen saturation during 
hypothermia with 30 minutes of circulatory arrest. 
(Open circles and open triangles indicate arterial 
and venous values respectively, in the halothane 
group; closed circles and closed triangles indicate 
arterial and venous values in the ether group.) 
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Fig 3. Alteration of cardiac output during 
hypothermia with 30 minutes of circulatory arrest 
under halothane (open circles) and ether (closed 
circles) anesthesia. 


20 25 30 35 after 
rewarm. 


20 25 30 35 after 
rewürm. 


Changes in Pco, and pH reflected the method 
applied; Pco,, both arterial and venous, gradu- 
ally decreased during cooling and reached 15 to 
17 torr at 20°C, respectively (p < 0.01). During 
rewarming, the Pco, and pH gradually returned 
to controi values in exact mirror image to cooling 
values except during manual cardiac massage 
(see Fig 4A). Venoarterial Pco, differences were 
narrowed during both cooling and rewarming 
when body temperatures were below 30°C. The 
pH increased to 7.57 at 20*C. Following cardiac 
arrest for 30 minutes it dropped to 7.45, de- 
creased further thereafter during rewarming, 
and reached 7.31 upon completion of rewarm- 
ing. 


Comment 


Our previous report [8] clearly demonstrated 
that safe periods of circulatory occlusion are 
shorter with halothane than with ether anes- 
thesia. Ether in 10096 oxygen provided easier 
management and a longer total circulatory oc- 
clusion time. Differences in allowable circula- 
tory occlusion times may depend on different 
modes of oxygen transfer. 

Differences in measured variables between 
halothane- and ether-anesthetized dogs include 
Pag, and AV oxygen difference with resultant 
differences in calculated cardiac output (see Figs 
3, 4). In the halothane-anesthetized group low 
cardiac output, especially during the rewarming 
phase, was thought possibly responsible for the 
development of the severe high-stepping gait 
observed postoperatively. However, the inci- 
dence and severity of the gait disturbance could 
not be changed by augmenting cardiac output 
during rewarming, in contrast to our previous 
report [8]. Perfusion rewarming at a flow rate of 
100 mi/kgymin did not improve the outcome, 
arguing against this thesis. 

The Pag, levels monitored during rewarming 
between 20* and 30*C were also significantly 
lower in the halothane group than in the ether 
group; however, the levels of those arterial oxy- 
gen pressures and saturations seemed adequate 
to provide enough oxygen to the tissues. Even if 
the amount of dissolved oxygen is critical for 
tissue oxygenation under hypothermia, the dif- 
ference in dissolved oxygen between these two 
groups is not likely to be great. 
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Fig 4. (A) Alteration of POs, PCOz, and pH during 
hypothermia with 30 minutes of circulatory arrest in 
the halothane group. (B) Alteration of PO2, PCOs, 
and pH during hypothermia with 30 minutes of 
circulatory arrest in the ether group. (Symbols same 
asin Figure 2.) 


Another possible cause of the difference in 
outcome between these two groups is oxygen 
consumption. The oxygen consumption in both 
groups was identical despite the difference in 
cardiac output. Kameya and associates [3] have 
observed higher oxygen consumption during 
hypothermia when perfusion flow was in- 
creased. Identical oxygen consumptions in both 
halothane and ether groups despite the presence 
of lower cardiac output in the halothane group 
may suggest higher oxygen consumption be- 
tween various major organs. It is quite possible 
that there are differences in oxygen consump- 
tion between organs. Under some anesthetics, 
certain organs such as the brain may register 
higher oxygen consumption than under other 
anesthetics, although the oxygen consumption 
of the total body remains the same. 

Vasoconstriction and rheological distur- 
bances also should be considered as etiological 
possibilities. We have used a moderate level of 
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halothane anesthesia in this study as compared 
to deep anesthetic levels with ether (third stage 
of the third phase). Halothane possesses strong 
vasodilative effects. Circulation to the brain 
under this moderate halothane anesthesia ap- 
peared adequate to prevent vasoconstriction 
due to cold, as we have demonstrated angio- 
graphically [4]. 

The use of carbon dioxide in anesthetic gas 
mixtures has theoretical advantages in terms of 
improved oxygen delivery under hypothermia. 
In our previous experiments, the addition of 5% 
carbon dioxide to halothane lowered the inci- 
dence of gait disturbances from 100 to 2096 [8]. 
Under ether anesthesia, however, the addition 
of carbon dioxide not only had little effect on the 
extension of the safe total circulatory arrest time, 
but it also complicated the hypothermia proce- 
dure with cardiac arrhythmias, including ven- 
tricular fibrillation during cooling. 

The present study has suggested possible ex- 
planations for determining different mechan- 
isms of oxygen consumption under halothane or 
ether anesthesia; however, it failed to pinpoint 
the definite factor. A possibly higher oxygen 
consumption with halothane anesthesia, as dis- 
cussed, may be important, and this may be 
proved in future experiments by maintaining 
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equallevels of cardiac output with total left heart 
bypass perfusion in both groups. 
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Hypothermic Coronary Perfusion 
for Intraoperative Cardioplegia 


R. Leighton Fisk, M.D., Elliot T. Gelfand, M.D., 


and John C. Callaghan, M.D. 


ABSTRACT Hypothermic asanguineous perfusion 
has been used to arrest 170 hearts at the beginning of 
15 to 2 hours of intraoperative coronary ischemia. 
This method of producing cardioplegia has facili- 
tated valve replacement and coronary artery bypass 
operations. Inadequate myocardial protection has not 
been experienced since we began using this method 
of arresting the heart for cardiac operations. 


Numerous methods have been used in an at- 
tempt to minimize the myocardial damage that 
results from the interruption of aortic flow dur- 
ing cardiac operations. True myocardial protec- 
tion would ideally be accomplished with a sim- 
ple method that eliminates myocardial injury. 
Methods that have previously been used have 
failed to accomplish both of these objectives. 

A relatively simple means of inducing 
hypothermic cardioplegia has been used by us 
in 170 procedures performed recently at the 
University of Alberta Hospital. In no instance 
have we encountered myocardial insufficiency 
or other morbidity that can be related to the 
technique. 


Method 


Cannulation for extracorporeal circulation is car- 
ried out in a standard manner using transatrial 
vena caval catheters and arterial return from the 
extracorporeal circuit to the ascending aorta. A 
left atrial, left ventricular, or pulmonary arterial 
vent catheter is placed. A 12 or 14F arterial cathe- 
ter is introduced through a pursestring suture 
into the anterior aortic wall 2 to 3 cm proximal to 
the arterial return catheter. Arterial blood is then 
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allowed to flow retrograde through tubing at- 
tached to the proximal aortic catheter for a dis- 
tance of approximately 200 cm. Care is taken to 
eliminate bubbles from this tubing before the 
proximal end is passed over the head of the 
operating table (Figure). 

The tubing is attached to a precooled 1-liter 
bag of 596 dextrose in lactated Ringer's solution 
containing 44.6 mEq of sodium bicarbonate and 
40 mEq of potassium chloride. The temperature 
of the buffered solution is approximately 5°C. 

When all preparation has been made for the 
definitive procedure, the ascending aorta is 
cross-clamped between the two catheters in the 
aortic wall. The vent line is opened to gravity 
drainage and atmospheric pressure at cardiac 
level. Following the interruption of aortic flow, 
the infusion of cold solution into the aortic root 
is begun by having the circulating assistant 
apply manual pressure to the plastic bag con- 
taining the perfusate. 

Fifteen to 30 seconds after beginning this in- 
fusion the heart exhibits pallor, flaccidity, and 
profound hypothermia that can be felt on the 
epicardial surface. With the cessation of cardiac 
activity, 500 ml of cold solution is placed in the 
pericardial well in order to submerge the heart. 
The infusion into the aorta is continued for 1 to2 
minutes until 400 to 600 ml of cold solution has 
been introduced into the coronary circulation. 

Following completion of coronary perfusion, 
the infusion catheter is withdrawn from the 
aorta and passed from the operating table. The 
pursestring suture surrounding the aortotomy 
site is temporarily secured. This site can be used 
later as an aortic vent or aortotomy for proximal 
coronary graft anastomosis. 

When the aortic valve is competent, most of 
the infused crystalloid traverses the coronary 
circulation to enter the right atrium. It is impor- 
tant to avoid tourniquets around the superior 
and inferior vena cava so the perfusate will drain 
freely into the caval catheters. This contributes 
to hemodilution but avoids accumulation of 
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Method of cannulation for coronary infusion. (PA= 
pulmonary artery.) 


crystalloid in the pulmonary circulation. Tour- 
niquets are applied only when necessary to im- 
prove venous return to the extracorporeal circuit 
and not before completing the coronary infu- 
sion. 

When the aortic valve is incompetent, the left 
ventricle is manually compressed from without 
during the period of aortic infusion. This ma- 
neuver aids in avoiding aortic regurgitation, 
preventing distention of the left ventricle, and 
decreasing the backflow of crystalloid into the 
pulmonary vasculature when both the aortic and 
the mitral valve are incompetent. In large hearts 
or when there is considerable left ventricular 
hypertrophy, satisfactory conditions can usually 
be achieved with these measures, although an 
infusion of up to 900 ml of perfusate may be 
necessary. 

These maneuvers take up the initial 2 to 3 
minutes of the total period of aortic flow inter- 
ruption. Coronary perfusion through the aorta 
is not resumed until the cardiac procedure is 
completed. In operations that require prolonged 
ischemia, cold solution is added to the pericar- 
dial well at intervals of 15 to 30 minutes. This 
serves to diminish the intramyocardial tempera- 
ture gradient that otherwise would allow 
gradual rewarming of the endocardium. Inter- 
mittent surface cooling from within the heart is 








Buffered Lactated Ringer's 
Solution (5 C) 


carried out when the aorta or cardiac chambers 
are open. 


Results and Comment 


Many surgeons prefer to use coronary perfusion 
for support of the myocardium during valve 
procedures [2, 7]. Coronary perfusion adds to 
the complexity of the operative procedure, pro- 
longs the interruption of physiological coronary 
perfusion, and can produce specific complica- 
tions [4]. Furthermore, in order to minimize 
myocardial damage during coronary perfusion, 
the heart should remain in sinus rhythm [5]. We 
believe that it is desirable to avoid coronary 
perfusion if the safe ischemia period is sufficient 
to spare the surgeon from compromising time 
limitations. 

Hypothermia extends the safe period of coro- 
nary ischemia. Various methods of producing 
myocardial hypothermia topically are in use [2, 
8]. Homogeneous cooling of the myocardium, 
however, cannot be achieved rapidly by surface 
cooling, particularly when severe left ventricular 
hypertrophy is present. Irrigation of the 
pericardial well requires the management of a 
cold fluid supply and drainage. Blood is lost 
from the circulation to the wash solution in vari- 
able amounts. Other problems peculiar to con- 
tinuous hypothermic irrigation have been rec- 
ognized [1]. 

Asanguineous coronary perfusion has been 
used by several groups either as an investigative 
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approach or as a means of washing formed ele- 
ments from the coronary circulation [3, 6, 9]. 
This method avoids many of the disadvantages 
of coronary perfusion or topically induced 
hypothermia and produces rapid cardioplegia. 

Hypothermic coronary perfusion was initially 
used by us in aortic valve replacement with the. 
hope of minimizing the frequency of postopera- 
tive myocardial failure and of eliminating the 
so-called stone heart syndrome. Irreversible 
myocardial rigor had occurred even with coro- 
nary perfusion and topical hypothermia in our 
experience. To the present time 49 isolated aortic 
valve replacements have been performed using 
the methods as outlined. Diffuse injury to the 
left ventricular myocardium has not been en- 
countered in any of these operations. We have 
been impressed with the spontaneous return of 
coordinated rhythm or ease of defibrillation fol- 
lowing the resumption of aortic flow to the coro- 
nary arteries. Excellent contractile activity and 
an uneventful termination of extracorporeal cir- 
culation have been uniformly exhibited by these 
hearts. Inotropic stimulus has seldom been re- 
quired. 

Recently we have applied these methods to a 
wide range of procedures in which it was antici- 


pated that aortic flow would be interrupted for 
30 minutes or more (Table). These have included 
40 isolated mitral valve replacements, 49 coro- 
nary bypass procedures, 5 repairs for congenital 
heart disease, and 27 other complex cardiac op- 
erations. In the series to date, ischemia times 
have ranged from 23 to 123 minutes and have 
averaged 60 minutes. 

Following the ischemia period 4296 of the 
hearts have returned to sinus rhythm spontane- 
ously. This series includes several patients who 
underwent mitral valve procedures with chronic 
atrial fibrillation and who remained in sinus 
rhythm for the first two to three days post- 
operatively. Another 4596 of the patients re- 
quired a single shock for defibrillation, and 1396 
needed two or more countershocks. In most of 
the last group of patients, defibrillation was 
probably attempted too early following resump- 
tion of coronary perfusion [1]. 

This method of cardioplegia has simplified 
operations requiring multiple coronary artery 
bypass grafts. Following the initiation of car- 
diopulmonary bypass, locations on the coronary 
arteries for distal graft anastomoses are selected. 
These are marked either by clearing epicardium 
from the segment of vessel or by marking the 


Operations, Ischemia Time, Defibrillation, and Hospital Deaths in 170 Operations 


Using Hypothermic Perfusion Cardioplegia 


Hypothermic No. of 
Ischemia Countershocks 
(min) to Defibrillate 
Operative No. of No. of 
Procedure Patients Range Avg 0 1 2+ Hospital Deaths 
Aortic valve replacement 49 31-84 55 11 25 13 1; residual mitral 
insuff. & sepsis 
Mitral valve replacement 40 40-99 58 21 17 2 3 
Coronary artery bypass grafts 49 33-97 58 23 20 6 
(range, 2-5; avg, 3.1 i 
per patient) 
Double-valve replacement 7 44—101 75 4 3 T 
Valve replacement & coronary bypass 11 60-123 88 3 7 1 1; operative death, 
grafts (range, 1-3; avg, 1.6 per aortic bleeding 
patient) 
Ventricular aneurysm resection 2 38-44 41 2 TE 
Aneurysm resection & coronary 7 40-101 59 4 2 1 1; operative death, 
bypass grafts (2 with & 5 without inadequate volume, 
valve replacement) ` left ventricle 
Congenital heart disease? 5 23-71 51 3 2 1; Ebstein’s anomaly, 
following repeat 
TVR & MVR 
Summary 170 23-123 60 71 (42%) 76 (45%) 23(13%) 4 


*Ebstein’s anomaly; tetralogy of Fallot. 


TVR = tricuspid valve replacement; MVR = mitral valve replacement. 
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adjacent epicardium with fine suture. This aids 
in locating the anastomosis sites, which can be- 
come obscured when surface detail of the heart 
is washed out by the perfusate. The aorta is 
cross-clamped, hypothermic perfusion and ar- 
rest are instituted, and distal graft anastomoses 
are then performed. 

The technique would be facilitated if a 
mechanical method were developed for infusion 
of the perfusate into the proximal aorta. Pres- 
sures generated in the aorta should probably be 
measured, and a study of the efficiency of myo- 
cardial temperature control by this method is 
warranted. In our hands, the method that has 
been described has proved superior to coronary 
perfusion and topical hypothermia. Our experi- 
ence to date indicates that cardioplegia pro- 
duced by hypothermic asanguineous coronary 
perfusion deserves wider clinical application. 


Addendum 


Since the time of this report, the authors have 
carried out an additional 68 operations using 
hypothermic cardioplegia without problems at- 
tributable to the method described. 
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Editors Note 


The authors present a technique of myocardial protec- 
tion that has been most effective in their hands. As 
such, we believe the technique is worth reporting, 
but the authors present no data to prove that their 
method of myocardial protection is superior to others 
presently being used. 


Circular Myotomy of the Esophagus: 
Clinical Application in Esophageal Atresia 


Michel S. Slim, M.D. 


ABSTRACT Three infants born with esophageal 
atresia that was repaired by end-to-end anastomosis 
combined with a circular myotomy on the upper seg- 
ment are reported. The distance between the free 
surgical margins of the esophagus ranged between 
1.5 and 4.5 cm. The esophageal myotomy was used to 
reduce the tension on the anastomosis. The suture 
line healed in each patient without clinical or 
roentgenographic evidence of breakdown. Follow- 
up of these patients ranged between 10 months and 3 
years. Roentgenographic evaluation of their 
esophageal motility showed efficient peristaltic ac- 
tivity in the distal esophageal segment. Two of the 
patients had a subsequent history of impaction of 
solid particles in the upper esophageal segment at the 
age of 13 months and 2 years. The possibility that the 
circular myotomy contributed to this increased inci- 
dence of impaction is raised. 


Esophageal atresia continues to present prob- 
lems in its therapy, particularly when the gap 
between the esophageal ends is wide and results 
in increased tension on the anastomosis. The 
purpose of this paper is to report 3 patients with 
esophageal atresia in whom a circular myotomy 
was used successfully to promote a tension-free 
repair. All patients were managed at the Ameri- 
can University of Beirut Hospital during the 
period between October 1, 1972, and April 30, 
1975. A scarcity of publications on the clinical 
application of this technique was noted on re- 
view of the literature in English [2, 8]. 


Case Reports 

Patient 1 

A 2-day-old boy was admitted on October 8, 
1972, with intercostal retractions and a respira- 
tory rate of 60 per minute. The chest roentgeno- 
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gram showed pneumonia involving the right 
upper and left lower lobes. The diagnosis of 
esophageal atresia with distal  tracheo- 
esophageal (TE) fistula was confirmed by an 
esophagogram done in another hospital. 

The patient underwent gastrostomy a few 
hours after admission, was given penicillin and 
gentamicin parenterally, and had the upper 
esophageal pouch deflated by a catheter to 
which suction was applied. Two days after ad- 
mission the chest roentgenogram showed clear- 
ing of the pneumonic patches. At the age of 5 
days an extrapleural repair of the esophageal 
malformation was performed through a right 
thoracotomy; the TE fistula was divided and 
sutured closed, and an end-to-end anastomosis 
of the esophagus was done in one layer. As the 
esophageal ends were 1.5 cm apart, a circular 
extramucosal myotomy was done about 1.5 cm 
above the suture line to reduce tension on the 
anastomosis. Feeding was started by gastros- 
tomy on the first postoperative day and orally 9 
days later. A barium swallow esophagogram 
done before oral feedings were started showed 
no evidence of a leak and normal peristaltic ac- 
tivity in the distal esophagus (Fig 1A). Eighteen 
days after admission the patient was discharged 
in good condition weighing 3.04 kg. The barium 
swallow study was repeated 3 months post- 
operatively and showed circumferential narrow- 
ing at the level of the anastomosis and proximal 
esophageal dilatation (Fig 1B). The stenosis was 
treated with anterograde dilation every 1 to 3 
months. One year later the stricture was in- 
visible roentgenographically and the esophagus 
easily admitted a 24F bougie (Fig 2). When he 
was 2 years old a foreign body got impacted at 
the site of anastomosis and was removed endo- 
scopically. The patient continues to do well. 


Patient 2 


A 2-day-old boy was admitted on October 22, 
1972. On examination he was mildly cyanotic, 
had a respiratory rate of 80 to 90 per minute, and 
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Fig 1. (Patient 1.) (A) A barium swallow 
esophagogram 9 days postoperatively shows mild 
narrowing at the anastomosis. (B) A depression at the 
site of myotomy is visible. (C) At the age of 3 months 
barium study shows circumferential narrowing at the 
anastomosis. 





Fig 2. (Patient 1.) A barium swallow esophagogram 
at the age of 1 year shows great reduction in the 
esophageal stenosis. 
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weighed 3.1 kg. A chest roentgenogram showed 
right upper and lower lobe infiltrates. A barium 
esophagogram confirmed the diagnosis of 
esophageal atresia associated with a distal TE 
fistula. On admission a gastrostomy was done, 
the upper esophageal pouch was deflated with 
a catheter to which suction was applied, and 
gentamicin and penicillin therapy was started 
parenterally. Three days later an extrapleural re- 
pair of the malformation was done; the TE fistula 
was divided and sutured closed, and end-to-end 
anastomosis of the esophagus was performed. 
As excessive tension on the suture line was 
noted, an extramucosal circular myotomy was 
done about 1.5 cm above the anastomosis. Feed- 
ing was started by gastrostomy 1 day after 
thoracotomy and by mouth 1 week later. An 
esophagogram done 9 days postoperatively 
showed circumferential narrowing at the site of 
anastomosis and normal peristalsis in the distal 
esophageal segment (Fig 3A). Retrograde 
esophageal dilation was performed three weeks 
postoperatively; the dilation was carried toa 16F 
Tucker dilator. He was discharged in good con- 


Fig 3. (Patient 2.) (A) Barium swallow 
esophagograms 10 days postoperatively show 
circumferential narrowing at the anastomosis and 
possible dilatation at the myotomy site. (B) At the age 
of 13 months the anastomosis looks wider and the 
proximal esophageal dilatation is less. 
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dition 1 month after admission; his discharge 
weight was 3.8 kg. At the age of 2 months an- 
terograde dilation was performed easily using 
a 16F mercury bougie. 

When he was 13 months old a food particle got 
impacted at the anastomotic site and was dis- 
lodged by manipulation with a suction catheter. 
The esophagus then admitted a 20F dilator. A 
barium swallow esophagogram showed a de- 
crease in proximal esophageal dilatation, a 
wider anastomotic area, and normal peristaltic 
activity distal to the narrowing (Fig 3B). At the 
age of 2 years he again had another foreign body 
impacted in the esophagus. The foreign body 
was pushed down to the stomach and the stric- 
ture was dilated to 26F. He continues to return 
periodically with recurrent dysphagia, though 
the area of stenosis can be dilated easily to 42F. 
Thelast barium swallow esophagogram, done at 
the age of 212 years, showed no stenosis and 
normal peristaltic activity. 


Patient 3 


A 1¥2-day-old boy was admitted on April 28, 
1975. His birth weight was 4.1 kg. The diagnosis 
of esophageal atresia was confirmed by a barium 
esophagogram, which showed a small, proximal 
TE fistula and no air in the stomach. The lungs 
showed bilateral basal infiltrates on roentgenog- 
raphy. On admission the patient underwent a 
gastrostomy and was started on gentamicin and 
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methicillin parenterally. The upper esophageal 
pouch was deflated by a catheter to which suc- 
tion was applied. Two days later Gastrografin 
was injected into the gastrostomy and by re- 
flux outlined the distal esophagus. The gap be- 
tween the two esophageal ends was estimated 
to be 2cm. One week after admission a repair of 
the malformation was done extrapleurally. At 
operation, the proximal TE fistula was divided 
and closed. The distal esophageal segment was 
connected to the carina by a cordlike structure 
having no lumen for a distance of about 3 cm. At 
operation, the gap between the two esophageal 
ends was 4.5 cm. A circular myotomy done 
about 2 cm above the end-to-end anastomosis 
succeeded in greatly reducing the tension on the 
suture line. Feeding was started by gastrostomy 
on the first postoperative day and orally 10 days 
later. A barium swallow esophagogram done on 
the tenth postoperative day showed no evidence 
of extravasation of contrast medium at the anas- 
tomotic site. 

The patient was discharged in good condition 
18 days postoperatively weighing 3.76 kg. One 
month later a barium swallow study revealed a 
stricture of the esophagus about 1 cm long at the 
level of the carina (Fig 4). The stenosis was 


Fig 4. (Patient 3.) Barium swallow esophagograms 
seven weeks postoperatively show severe esophageal 
stricture at the anastomotic level. 


treated with retrograde dilation. Further dila- 
tions have been required every tour weeks. A 
barium swallow esophagogram done 6 months 
postoperatively showed an increase in the 
esophageal lumen at the site of the anastomosis 
(Fig 5). 


Comment 


Esophageal atresia usually is associated with a 
distal TE fistula. Under these circumstances, the 
esophagus can ordinarily be reconstructed with 
little tension on the anastomosis. Our experi- 
ence since January, 1972, with 14 patients born 
with this combined anomaly indicates that in- 
creased tension on the anastomotic line was 
noted in only 2 cases (14%) (Patients 1 and 2). 
In newborns, when the distance between the 
esophageal segments is more than 1 cm, approx- 
imation of the ends tends to create tension on 
the suture line which leads to anastomotic leaks. 
When the esophageal atresia is not associated 
with a distal TE fistula, the gap between the 
esophageal ends is usually appreciable and is 
often greater than that reported in Patient 3. The 
method of stretching the upper esophageal 
pouch with a mercury bougie daily for a period 
of weeks has been advocated to reduce this gap 
[7, 13], but it cannot be applied safely when a 
proximal TE fistula is also present. 

In the absence of a distal TE fistula, the dis- 
tance between the esophageal ends may be es- 
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Fig 5. (Patient 3.) Barium swallow esophagograms 6 
months postoperatively show widening of the 
anastomotic stoma. 


timated preoperatively by instillation through 
the gastrostomy of a contrast medium that will 
outline the lower esophageal segment upon 
eliciting the gag reflex, and by simultaneous 
peroral distention of the upper esophageal seg- 
ment with a radiopaque catheter (see Fig 4A). As 
described in Patient 3, this procedure indicated 
that the distance between the esophageal ends 
noted at operation was indeed greater than that 
noted on the roentgenograms [8, 13]. 

When the actual distance between the 
esophageal ends is more than 4 to 5 cm, an end- 
to-end anastomosis becomes impractical and 
risky, requiring the use of a pedicle graft from 
the colon [4, 5, 14] ora reversed gastric tube [1, 3, 
6, 12]. An extramucosal circular myotomy of the 
esophagus was reported to reduce anastomotic 
tension greatly following resection of appreci- 
able segments without compromising circula- 
tion in the esophageal wall [9, 10]. Some have 
recommended a partial circular myotomy to 
avoid interruption of the esophageal vessels, 
which run longitudinally, deep in the mus- 
cularis [11]. Our observations in the 3 patients 
reported here do not support these fears. In none 
of our patients did an anastomotic leak occur, 
though the maximum distance between the 
esophageal ends was 4.5 cm. The stricture in 
these patients was dilatable with little difficulty, 
and none of the 3 patients had evidence of sig- 


nificant stenosis after a long-term follow-up. 
Their weight curves and their appearance out- 
line the rate of growth and show fairly satisfac- 
tory development. 

Livaditis and colleagues [9] reported that the 
site of the myotomy remains easily distensible, 
and they presented cineradiographic evidence 
that the myotomy does not interfere with effi- 
cient esophageal peristalsis. In our limited ex- 
perience with the clinical application of this 
technique, our patients did not have a history of 
repeated aspiration pneumonia or of choking 
spells. Besides, roentgenographic evaluation of 
their esophageal motility was also found to be 
normal. However, the disturbing feature in 
their postoperative follow-up is the relatively 
frequent impaction of foreign bodies or food 
particles in the upper esophageal segment, as 
noted in 2 of the 3 patients. In our experience, 
the incidence of foreign body impaction in these 
patients is higher than that in others after an 
end-to-end anastomosis without an additional 
circular myotomy (2 of 3 patients versus 1 of 12 
patients, respectively). 
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Editor's Note 


The technique employed by the author appears to 
offer advantages in the repair of esophageal atresia 
when the upper and lower segments of the esophagus 
are widely separated (i.e., more than 2.5 cm apart). In 
at least 1 of the infants reported, the segments were 
separated by only 1.5 cm. Under most circumstances, 
we would not be concerned about bridging a gap of 
this magnitude or find it necessary to employ the 
technique reported in this paper. More regular dila- 
tions as soon as the anastomosis was healed might 
have reduced the anastomotic strictures seen in the 
illustrations. 

The 1976 crisis in Lebanon made it very difficult to 
communicate with the author in order to raise some of 
the questions about these patients with him. 


CASE REPORTS 


Esophageal Myectomy for Recurrent 
Multiple Leiomyomas of the Esophagus: Manometric 
and Cineradiographic Documentation 


Myles E. Lee, M.D., and Richard H. Overholt, M.D. 


ABSTRACT This is a report of recurrent multiple 
leiomyomas of the esophagus treated initially by 
enucleation and subsequently by myectomy of the 
involved portion of the esophagus to prevent further 
recurrence. Experimental studies support the clinical 
observation that the esophagus will function as a 
conduit for food in the absence of an orderly progres- 
sion of peristalsis. Preservation of hilar truncal vagus 
nerve function must be accomplished if normal lower 
esophageal sphincter function is to be maintained. 
We believe this is the first report of deliberate 
esophageal myectomy in a human patient with man- 
ometric and cineradiographic documentation of satis- 
factory function postoperatively. Limited myectomy 
may be considered, as circumstances require, in the 
treatment of multiple esophageal leiomyomas, al- 
though enucleation remains the treatment of choice. 


Leiomyoma is the most common benign tumor 
of the esophagus. Numerous reviews of the clin- 
ical features, diagnosis, and management of 
these tumors have appeared in the literature 
through the years [1, 3, 4, 7, 8, 10, 12-17]. The 
usual treatment is simple enucleation. Our pa- 
tient is unusual in that multiple recurrent 
leiomyomas were removed from the upper and 
middle portions of the esophagus by esophageal 
myectomy. 

This report presents manometric and cine- 
radiographic documentation of satisfactory 
esophageal function in our patient five years 
after operation. Experimental studies support 
the clinical observation that an esophageal seg- 
ment devoid of muscle will both retain its 
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viability and act as a conduit for food in the 
absence of an orderly progression of peristalsis. 


A 34-year-old woman was first seen in consul- 
tation in 1958 because of a two-week history of 
tightness in the chest, nausea, and vomiting. A 
chest roentgenogram revealed a high posterior 
mediastinal mass with anterior displacement of 
the trachea. Esophagoscopy showed no muco- 
sal abnormality. An esophagogram showed lo- 
calized dilatation and irregularity of unde- 
termined etiology (Fig 1). Through a right 
thoracotomy, a large tumor was seen to project 
into the posterior mediastinum between the 
trachea and the esophagus. The mass was lobu- 
lated and was covered by esophageal muscle 
fibers. Its upper border was slightly above the 
thoracic inlet, and its lower border was 2 cm 
below the tracheal bifurcation. The lowermost 
lobule extended posteriorly to the left main- 
stem bronchus for a distance of 3.5 cm. After the 


tumor was enucleated, the anterior portion of 
the esophagus was devoid of muscle fibers for 
almost the entire upper half of its intrathoracic 
length. The pathological diagnosis was leio- 
myoma (Fig 2). 

The patient did well for twelve years, when 
she was readmitted with a six-month history of 
dysphagia and vomiting. Esophagoscopy re- 
vealed bulging of the posterior wall of the 
esophagus in its midportion with reduction of 
the lumen by 7596. The mucosa was intact. 
An esophagogram showed dilatation of the 
esophagus from the thoracic inlet to the level of 
the carina with deviation to the right (Fig 3). The 
findings were suggestive of impingement upon 
the esophagus by an extrinsic mass. 

Reexploration through a right thoracotomy 
revealed a multilobular mass in the mid- 
esophagus. There were five or six additional 
masses between the main tumor and the 
thoracic inlet. At the level of the carina, the main 
mass almost encircled the esophagus and was 
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Fig 1. Preoperative esophagogram in 1958, 
demonstrating local dilatation and diffuse 
irregularities in the proximal half. 





Fig 2. Representative microscopical field from the 
resected tumor. (H&E; original magnification 
X100.) 





Fig 3. Preoperative esophagogram in 1970 showing 
dilatation of the esophagus from the thoracic inlet to 
the level of the carina with deviation to the right. 


densely adherent to the right and left main-stem 
bronchi. There were no enlarged lymph nodes. 
After a lengthy dissection, all tumor masses 
were enucleated. In an attempt to prevent 
another recurrence, all remaining esophageal 
muscle in the area was then excised. The patho- 
logical diagnosis was again leiomyoma. 

Since her second operation five years ago, the 
patient has experienced only minor dysphagia 
during rapid ingestion of food. Her weight has 
remained constant. Cineradiography five years 
after reoperation revealed normal swallowing 
function, with dilatation of the proximal 
thoracic esophagus representing the portion 
where the myectomy had been done (Fig 4). A 
slight narrowing was seen just distal to this area. 
Only a momentary delay of the barium column 
occurred at this level. More distally there was 
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Fig 4. Esophagogram seventeen years after the first 
operation, five years after the second. Note the 
segment where the myectomy was performed (white 


arrows). 


normal function of the esophagus and of the 
lower esophageal sphincter. 

Esophageal motility studies (Fig 5) revealed a 
lower esophageal sphincter (LES) pressure of 26 
mm Hg with a drop in pressure after swallow- 
ing, though somewhat less than is usually seen. 
This was at 44 cm from the nostrils. One cen- 
timeter proximal to the LES the increases in 
pressure after swallowing were normal. Forty 
centimeters from the nostrils there was a 2 cm 
length that had an elevated baseline pressure 
and no increase in pressure with swallowing. 
(This segment probably corresponds to the area 
of narrowing seen on cineradiography and may 
represent a fibrous stricture. The pattern has not 
changed on interim esophagograms over four 
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Fig 5. Esophageal motility studies five years after the 
second operation. Upper tracing is from the 

segment where the myectomy was done (22 to 39 cm 
from the nostrils); it demonstrates a residual negative 
pressure with no response to deglutition (small 
vertical arrows). Middle tracing is from the lower 
esophagus (43 cm from the nostrils); it showsa 
normal response to deglutition (small arrow). Lower 
tracing is from the level of the lower esophageal 
sphincter; it shows relaxation of the sphincter in 
response to deglutition (arrow). 





years.) Between 22 and 39 cm from the nostrils 
there was a length of esophagus with a normal 
baseline pressure and no response whatever to 
deglutition. (This segment represents the extent 
of the myectomy.) Proximal to 22 cm from the 
nostrils, esophageal responses abruptly became 
normal with deglutition. 


Comment 


Experimental studies support our clinical obser- 
vation that the esophagus will function as a con- 
duit for food in the absence of an orderly pro- 
gression of peristalsis resulting from excision of 
esophageal muscle. In 1956 Bellinazzo and co- 
workers [2] found in dogs that 7 to 8 cm was the 
limit for excision of the muscular layers with 
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reasonable certainty that the mucous membrane 
would remain viable. Dilatation of the denuded 
segment was noted, apparently developing into 
a megaesophagus in some cases. Carveth and 
associates [5] excised a 2 to 3 cm circular band of 
the muscular coats of the canine esophagus 8 cm 
above the esophageal diaphragmatic hiatus. 
Esophageal manometry demonstrated a de- 
crease in the amplitude of contraction at the level 
of myectomy. Cineradiography revealed some 
narrowing at that level but no dilatation. 
Motility was normal in the remainder of the 
esophagus and in the LES. Greenwood and col- 
leagues [9] in the same laboratory demonstrated 
that a segment of distal canine esophagus could 
be excised and replaced by a segment of jejunum 
or by a Silastic and Teflon prosthesis with pres- 
ervation of a band of elevated pressure in the 
sphincteric region that was still capable of re- 
laxation. 

Livaditis and associates [11] investigated 
esophageal myectomy in piglets weighing 2.0 to 
4.5 kg. In 7 animals a circular 4 cm band of the 
muscular layers of the esophagus was removed. 
Cineradiography between 4 and 130 days 
postoperatively demonstrated that the upper 
esophagus filled normally from the pharynx. 
The first bolus did not proceed immediately into 
the distal esophagus but was retained in the 
amuscular area. After this area was filled, suc- 
cessive swallows progressed rapidly down the 
esophagus. The denuded area remained dis- 
tended and immobile, and the distal esopha- 
gus functioned normally. Neither pendulum 
movements nor reversed flow were observed. 
No histological evidence of muscle regeneration 
was found after the animals were killed. Thus it 
appears that localized myectomy or even re- 
placement of a segment of esophagus, while in- 
terrupting peristalsis, will not preclude its func- 
tion as a conduit. 

Preservation of vagal function during myec- 
tomy is important if normal LES function is to be 
retained. That our patient's LES relaxed less 
than usual may be related to the fact that myec- 
tomy was accomplished proximal to the pulmo- 
nary hilum. Carveth and associates [5] showed 
that relaxation and contraction of the LES were 
seldom detected after cervical vagotomy. With 
hilar vagotomy, the LES responded to degluti- 


tion with normal relaxation and contraction, but 
it responded to only half the swallows. Resec- 
tion of the esophageal branches of the vagus 
nerve (as in demuscularization) did not affect 
LES function. Thus some disturbance in truncal 
vagal function in our patient may be postulated, 
in addition to the complete interruption of seg- 
mental vagal function at the operative site. 

Clinically, Davidson [6] used circumferential 
myotomy combined with the Hill hiatus hernia 
repair as an esophageal lengthening procedure 
in patients with acquired shortening of the 
esophagus secondary to peptic stricture. The re- 
tracted longitudinal and circular muscle layers 
left a 1.5 to 2.0 cm length of mucosa exposed. The 
submucosal blood supply was kept intact. Peri- 
stalsis continued below the myotomy by way of 
the vagi, which were left intact. The roentgeno- 
graphic appearance was that of a smooth bulge, 
with the cut ends of muscle identified by metal 
clips separated by 2 to 3 cm. No delay of barium 
passage was noted in patients in whom the orig- 
inal peptic stricture had been cured. No motility 
studies were done. 

Thus, experimentally and clinically, it is pos- 
sible to maintain mucosal viability and rela- 
tively normal food conduction function in an 
esophagus devoid of muscular support for a sig- 
nificant portion of its intrathoracic length. Peri- 
stalsis is interrupted in the segment that has had 
the myectomy, and passage of ingested material 
through this area is aided by gravity and 
perhaps by alterations in intraesophageal pres- 
sure caused by respiration. If some truncal vagal 
function remains, even though segmental vagal 
branches to the esophagus are interrupted by 
myectomy, peristalsis distal to the demus- 
cularized segment as well as relatively normal 
LES function will be preserved. 
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Repair of Atrial Septal Defect 
with Partial Anomalous Pulmonary Venous 
Return from the Left Upper Lobe 


Ali Reza Ghassemi, M.D., and Norman B. Thomson, Jr., M.D. 


ABSTRACT A patient with partial anomalous ve- 
nous return from the left upper lobe in the presence of 
a large atrial septal defect is presented. The diagnosis 
was confirmed by selective angiographic studies. 
Two technical points are emphasized: first, that the 
exposure through a midsternal incision is excellent, 
and second, that the anomalous vein must be de- 
tached from its connection to the innominate or sub- 
clavian artery as high into the left chest as it is techni- 
cally possible to reach. Postoperative cardiac 
catheterization and angiograms confirm the com- 
pleteness of the repair. 


In this report we present a patient who had 
partial anomalous venous return from the left 
upper lung field to the innominate vein in con- 
junction with a large atrial septal defect (ASD). 
Our purposes in presenting this report are to 
record another case of a relatively uncommon 
variant of anomalous pulmonary venous return 
and to emphasize the technical maneuvers 
utilized when this anomaly is present with a 
large ASD. 

The developmental anatomy of anomalous 
pulmonary venous return has been well de- 
scribed in previous publications [1-3, 7, 10, 12]. 
Partial venous return from the left upper lung 
field to the innominate vein accompanied by an 
ASD is relatively rare [11]; presumably it is more 
common to have this type of anomalous venous 
return without an ASD [3]. The surgical tech- 
nique to reattach the anomalous pulmonary vein 
when there is no intracardiac abnormality is rel- 
atively straightforward and consists of perform- 
ing an anastomosis through a left thoracotomy 
between the anomalous vein and the left atrium. 
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The patient was a 49-year-old man who was 
admitted to the St Francis Heart Center in Oc- 
tober, 1974, with a history of increasingly severe 
fatigability and exertional dyspnea for the pre- 
vious six to eight months. His past history 
was entirely noncontributory. He was a well- 
developed, noncyanotic man with normal 
pulses in all extremities and no peripheral 
edema. A grade 2/6 systolic ejection murmur was 
audible in the left infraclavicular area with ac- 
companying increased intensity of the pulmonic 
second sound. The second sound was widely 
split and did not vary with respiration. A mid- 
diastolic, low-pitched, rumbling murmur heard 
at the xiphoid area was thought to represent a 
flow murmur. Routine laboratory studies were 
all within normal limits. His chest roentgeno- 
gram is shown in Figure 1. The results of cardiac 
catheterization and angiocardiography are 
noted in the Table. 

Pressure and oxygen saturation determina- 
tions disclosed increased oxygen saturation in 
the innominate vein and a large shunt at the 
atrial level with a moderate increase in pulmo- 
nary pressure. Angiocardiograms confirmed 
the presence of anomalous pulmonary venous re- 
turn from the left lung, with other pulmonary 
veins normal (Fig 2). Left atrial injection demon- 
strated a large shunt from the left atrium to the 
right atrium. 

In considering the operative approach to close 
the ASD and reattach the pulmonary vein in an 
adult, we were concerned whether exposure 
through a median sternotomy incision would 
allow adequate visualization for an anastomosis 
of the pulmonary vein to the posterior left 
atrium. We wondered whether this anastomosis 
could be performed from outside the atrium or 
whether it would be technically easier to create 
an opening in the atrium and then make the 
anastomosis within the left atrium through the 
large ASD, as one might do in a patient with 
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Fig 1. Chest roentgenogram shows the ascending 
vessel lying next to the prominent aortic knob. 
Increased vascular markings reflect overcirculation 
of the lungs. 





Fig 2. One frame of the selective angiogram, showing 
anomalous venous return from the left upper lobe in 
the presence of normal venous return from the left 
lower lobe. 


Preoperative and Postoperative Oxygen Saturations and Pressures 


E EES 





Preoperative Postoperative 

Pressure Pressure 
Site O, Sat (96) (mm Hg) O, Sat (96) (mm Hg) 
Innominate vein 88.8 5/6 id Baa 
Sup. vena cava 88.8 — 74.21 4 
R. atrium 83.7 6 27.3 4 
R. ventricle 84.0 47/9 75.61 23 
Pulm. artery 85.0 27/9 76.81 22:5 
L. atrium 93.2 6 
L. ventricle 93.0 159/15 
Aorta 93.0 162/89 


E n_e 


S — systolic. 
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total anomalous pulmonary venous return by 
creating the anastomosis through the atrial sep- 
tum to the common posterior vein. Review of 
the reported cases of this anomaly failed to an- 
swer these questions. 

The patient was operated upon through a 
midsternal incision. The anomalous vein was 
identified after the pleura in the left chest was 
opened, and it ascended lateral to the phrenic 
nerve. There were a few branches to some 
mediastinal veins, which were divided between 
clips. The vein was dissected as high as we could 
reach, to the junction of the innominate or sub- 
clavian vein and the anomalous vein. Ex- 
tracorporeal perfusion was established by can- 
nulating the aorta and the superior and inferior 
venae cavae through the right atrial appendage. 
After perfusion was established, the anomalous 
vein was divided as high in the chest as could be 
reached. This point should be emphasized since 
the length of the vein appears to be more than 
adequate but turns out to be of just the proper 
size—not extra long as one expects—once it is 
divided and turned down. The pericardium was 
opened posterior to the phrenic nerve, and the 
vein was turned down in a gentle curve and cut 
obliquely to increase the width of the anas- 
tomosis. An incision was then made into the 
posterior left atrium after the heart had been 
displaced into the position normally used when 
doing a saphenous-circumflex coronary artery 
anastomosis. This gave excellent exposure. The 
anastomosis was created with 4-0 Prolene. 
When the heart was repositioned normally, the 
vein lay in a gentle curve without evidence of 
kinking or obstruction. 

The right atrium was opened, and a very 
large ostium secundum defect was identified. 
Through the ASD one could easily see the large 
anastomosis with its smooth edges. The ASD 
was closed with Tevdek sutures, air was evac- 
uated through the left ventricular vent, and 
the heart was defibrillated. Perfusion was dis- 
continued, and the chest was closed in a routine 
manner. 

The patient had a Po; level of 70 mm Hg at an 
Fig, of 0.60 at the conclusion of the operative 
procedure. In spite of frequent tracheal suction- 
ing he continued to have right and left lower 
lobe atelectasis, which accounted for his low 


Pos. Tracheal intubation and suctioning during 
respiratory support did not change the Po, val- 
ues. A tracheostomy was carried out, and abun- 
dant tracheal secretions were aspirated. His 
blood gases gradually returned to normal levels. 
The patient was discharged from the hospital on 
the tenth postoperative day. 

He was readmitted three months later for elec- 
tive catheterization, which disclosed normal 
pulmonary pressures and no evidence of shunt- 
ing. A pulmonary angiogram (Fig 3) showed 
normal venous return. A postoperative chest 
roentgenogram showed improvement in pul- 
monary circulation (Fig 4). The patient has had 
complete relief of all symptoms. 


Comment 


Anomalous pulmonary venous return to the left 
innominate vein arising solely from the left 
upper lobe is a relatively infrequent variation of 
anomalous venous return; its accompaniment 
by an ASD is also unusual. The more common 
anomalous venous returns have been well de- 
scribed in the literature [3, 11]. 

The catheterization data, physical examina- 
tion, electrocardiogram, and chest roentgeno- 
gram do not distinguish between a large ASD 
and anomalous venous return, so a preoperative 
angiogram is helpful. If it has not been per- 


Fig 3. Postoperative cineangiogram. 





76 The Annals of Thoracic Surgery Vol 23 No 1 





Fig 4. Postoperative chest roentgenogram. 


formed, the surgeon is obligated to determine 
that the pulmonary veins all return normally 
when he is operating upon a patient with a con- 
genital cardiac defect, particularly ASD. In this 
patient the ascending vessel was noted on the 
conventional chest roentgenogram, so that ap- 
propriate angiograms were carried out. 

We were concerned about the technical facil- 
ity of creating the anastomosis. It is very 
straightforward and exposure is excellent if a 
midsternal incision is used. The one step that 
might lead to technical difficulty would be to fail 
to divide the anomalous vein as high as one can 
reach. The ability to open the vein obliquely and 
therefore increase the size of the anastomosis is 
probably more pertinent in a child than in an 
adult. 

The single postoperative complication of 
atelectasis and large right-to-left shunting in 
this patient was not unexpected since he 
smoked two to three packages of cigarettes per 
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day. Since the atelectasis could not be cleared by 
the usual means of tracheal aspiration, a 
tracheostomy was performed and was left in 
place for four days. His favorable subsequent 
clinical course coincides with the marked im- 
provement in his hemodynamic status and an- 
giographic findings of normal flow, as shown by 
cardiac catheterization three months postopera- 
tively. 
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Intrapulmonary Steal 


Complicating Repair of Tetralogy of Fallot 


Herbert A. Berkoff, M.D., Kyung Ja Chung, M.D., Jay M. Levy, M.D., 
Paramjeet S. Chopra, M.D., and Donald R. Kahn, M.D. 


ABSTRACT A patient with total occlusion of the 
distal right pulmonary artery secondary to the per- 
formance of a Waterston shunt is reported. A nearly 
fatal intrapulmonary steal occurred at the time of 
corrective operation when an attempt was made to 
revascularize both pulmonary arteries. 


Recently we operated on a child for correction of 
tetralogy of Fallot who previously had had an 
aorta- pulmonary artery (Waterston) shunt that 
had resulted in total occlusion of the right pul- 
monary artery distal to the anastomosis site. All 
shunt flow was directed through the proximal 
right pulmonary artery and then through the left 
lung. At the time of corrective operation an at- 
tempt was made to reestablish blood flow 
through both lungs by using a side graft from 
the Rastelli conduit to the distal right pulmonary 
artery. Revascularization of the previously to- 
tally occluded right pulmonary artery resulted 
in a major complication secondary to unequal 
pulmonary perfusion. 


A white boy was diagnosed at 3 weeks of age 
as having tetralogy of Fallot. Because of increas- 
ing hypoxia, a Waterston shunt was performed 
at another hospital when he was 4 months old. 
The patient's condition improved following this 
procedure. At3 years of age he became increas- 
ingly cyanotic without hypoxic episodes. Car- 
diac catheterization demonstrated a large shunt 
flow (Q,/Q, = 1.3). Total obstruction of the distal 
right pulmonary artery was also apparent. The 
entire shunt flow was directed through the aor- 
topulmonary opening into the proximal right 
pulmonary artery and then through the left lung. 
The pressure in the main and left pulmonary 
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arteries was only 20/5 mm Hg with a systemic 
pressure of 100/55 mm Hg. As the patient's con- 
dition was reasonably stable, it was decided to 
delay correction. 

At 41/2 years of age the patient underwent to- 
tal repair under cardiopulmonary bypass. The 
aorta was opened, the Waterston shunt over- 
sewn, the ventricular septal defect closed, and 
the infundibulum resected. An external conduit 
containing a Hancock xenograft valve was in- 
serted between the right ventricle and main 
pulmonary artery. In order to perfuse the right 
lung, an 8 mm Dacron graft was connected to the 
conduit distal to the valve and anastomosed to 
the right pulmonary artery beyond the point of 
occlusion from the Waterston shunt. 

Following correction, arterial pressure in the 
right ventricle was 45 mm Hg with no apparent 
gradient across the prosthesis. A few hours later 
the systemic arterial pressure gradually fell and 
became refractory to increasing concentrations 
of inotropic agents. The Pao, dropped in steps to 
30 mm Hg. Chest roentgenograms performed 
immediately postoperatively and serially there- 
after showed decreasing vascularity of the left 
lung and increasing vascularity of the right lung, 
particularly in the upper lobe. 

During the next six hours the patient's condi- 
tion deteriorated, and cardiac arrest ensued. Be- 
cause of inadequate response to external mas- 
sage, open cardiac massage was initiated and 
was successful in establishing a satisfactory car- 
diac output. The patient was then taken to the 
operating room, at which time an arterial blood 
sample showed a Pao, of 30 mm Hg and a pH of 
7.32. The Dacron graft to the right pulmonary 
artery was immediately clamped, and all cardiac 
variables were stabilized. After ten minutes 
Pao, was 490 mm Hg on 100% Fio,,. 

In order to demonstrate that excessive shunt- 
ing through the right lung was responsible for 
the low Pao,, the clamp was released; the Pao, 
fell to 45 mm Hg. The graft was divided and both 
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Postoperative perfusion and ventilation studies. The 
posterior perfusion lung scan image on the right 
demonstrates total absence of perfusion of the right 
lung. The xenon ventilation study on the left 
demonstrates, in addition to normal ventilation of the 
left airway, patency only in the superior aspect of the 
right lung. The tubing used for xenon administration 
can be seen extending from the patient's right side. 


ends were oversewn as close to their attach- 
ments as possible. The patient’s condition im- 
proved considerably, the Pag, continued to 
remain at a satisfactory level, and the cardiac 
output stabilized without further inotropic 
support. 

The patient’s course was complicated several 
days later by a pulmonary infection. This was suc- 
cessfully treated, and he was discharged on the 
thirtieth postoperative day. Thirty-six months 
postoperatively he was doing well. Follow-up 
roentgenograms showed decreased vascularity 
of the right lung. A ventilation/perfusion scan 
demonstrated failure of perfusion of the entire 
right lung and poor ventilation of the lower zone 
of the right lung (Figure). 


Comment 


There is a characteristic evolutionary develop- 
ment of the normal pulmonary vascular bed 
from the fetal to the adult state. The small pul- 
monary arteries of the newborn, and presum- 
ably the fetus, have a thick media and adventitia 
and a small lumen. Within a few months after 
birth, thinning out of the vascular wall and 
widening of the lumen occur. As a corollary to 
these developments there is a progressive de- 
crease in pulmonary arterial resistance so that 
low arterial pressure is adequate to perfuse the 
lungs. 

Dammann and Ferencz [2] have shown that 
patients who have congenital heart disease with 
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pulmonic stenosis, as in tetralogy of Fallot, also 
have a normal pulmonary arterial pattern at 
birth. They have further shown that older pa- 
tients with these lesions displayed enlarge- 
ment of the arterial lumen and thinning of the 
vascular wall, findings which are consistent 
with the normal evolutionary pattern of the 
pulmonary vasculature. These tetralogy pa- 
tients, however, always showed evidence of en- 
larged bronchial collateral circulation as well as 
of intrapulmonary thrombosis [3]. As similar 
thrombosis was never seen in the systemic 
(bronchial) arteries, this abnormal finding is 
probably related to the very slow pulmonary 
artery flow and to polycythemia. 

Many studies [1, 6, 8] have shown that con- 
struction of an anastomosis between the systemic 
and pulmonary arteries, such as a Waterston 
shunt, may result in complications. In a his- 
tological study of lung tissue from a group of 
patients who died in the first week following the 
performance of a systemic-pulmonary artery 
anastomosis, Ferencz [4] found the earliest and 
most severe pulmonary changes to be marked 
distention of the small pulmonary arteries; the 
arterial wall appeared stretched and thinned. 
Red blood cells escaped from the arterial lumen 
in some severe cases and were seen to lie be- 
tween the fibers of the adventitia. Frank rupture 
of the small pulmonary arteries occasionally oc- 
curred so that a cuff of blood surrounded the 
vessels. Although the classic signs of congestive 
heart failure have been seen in a large number of 
specimens from patients in this group, this ab- 
normality has also been seen frequently in pa- 
tients who died without having had a shunt. 
Therefore, the presence of congestive failure has 
to be interpreted with caution. 

In specimens from patients in the same series 
who died from one week to one year following 
systemic-pulmonary shunting, arterial injury 
was rarely seen and death was due to causes 
unrelated to the shunt. Deaths in patients who 
survived for one or more years after the opera- 
tion were frequently related to shunt problems 
such as inadequate anastomotic size, too large 
an anastomosis, or the development of in- 
creased pulmonary vascular resistance. This last 
complication was not seen in all patients with a 
large anastomosis; however, increased blood 
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flow probably stimulates intimal changes that 
result in intraarterial fibrosis and progressive 
pulmonary hypertension. 

Our patient presumably started with a normal 
pulmonary arterial vascular bed; however, be- 
cause of an improperly performed Waterston 
shunt, a situation was created in which the right 
lung was not perfused due to complete obstruc- 
tion of the distal right pulmonary artery, and the 
left lung received all the shunt flow plus the right 
ventricular output. It is probable that the right 
lung, severely deprived of pulmonary arterial 
flow, continued to develop large bronchial col- 
laterals but that thrombosis within the pulmo- 
nary artery vessels also developed due to stag- 
nation of flow. The left lung, meanwhile, was 
subjected to higher than normal flows, causing 
mild to moderate pulmonary hypertension. 

The correction in this patient resulted in a 
large, uncontrollable flow of blood into the right 
lung. Acute distention and disruption of the 
fragile pulmonary arteries followed, causing a 
large intrapulmonary steal. If, indeed, the left 
lung developed higher than normal vascular re- 
sistance, this would have increased the unequal 
flow distribution. 

A large number of Waterston shunts have 
been performed, and the number of patients 
with iatrogenic injury to a single pulmonary ar- 
tery is significant. Reitman and co-workers [5] 
reported on 13 patients with significant kinking 
of the right pulmonary artery, and Tay and as- 
sociates [7] found evidence of kinking in 22 of 36 
patients studied after shunting (12 patients had 
severe stenosis, and 8 had total obstruction with 
no connection between the right pulmonary ar- 
tery and the main pulmonary artery). In 1 case 
cited in Tay’s series, death occurred when an 
attempt was made to perform a Rastelli type of 
correction with a side graft to a previously 
blocked left pulmonary artery in a patient with 
tetralogy of Fallot. The cause of death was stated 
to be "uneven distribution of blood." A review 
of the literature does not show any instances in 


which repair of distal right pulmonary artery 
obstruction resulted in a steal. 

In the present patient, a possible method of 
preventing the nearly fatal reaction that this 
child experienced would have been to perform, 
as a separate procedure prior to the time of cor- 
rective operation, a Blalock-Taussig shunt on 
the right side, beyond the point of obstruction of 
the right pulmonary artery from the previous 
Waterston anastomosis. This would have al- 
lowed greater flow into the right lung so that 
pulmonary vascular changes could have de- 
veloped without the possibility of a steal phe- 
nomenon from the other lung. At the time of 
total repair, either an anastomosis from the Ras- 
telli graft could have been constructed to a more 
adequately prepared right lung, or the Blalock- 
Taussig anastomosis could have been left intact 
and the side graft eliminated. 
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A Newly Desi 


ened Arterial 


Monitoring/Perfusion Cannula for Cardiac Operations 
S. J. Phillips, M.D., J. E. Okies, M.D., R. H. Zeff, M.D., 


and Alice Cannon, R.N. 


ABSTRACT A newly designed arterial monitoring 
and perfusion cannula for cardiopulmonary bypass 
eliminates the need for cannulation of a peripheral 
artery for pressure monitoring. The double-lumen 
cannula is designed as follows: the large central 
lumen (12 to 26F) acts as the arterial inflow conduit 
from the pump oxygenator, while a second, smaller 
lumen (18 gauge) constructed in the wall of the first 
cannula acts as the pressure-monitoring port and the 
source for blood sampling and drug infusion. This 
monitoring/perfusion cannula has been used success- 
fully in more than 250 clinical patients in a variety of 
settings—total cardiopulmonary bypass, left heart 
bypass, and when multiple arterial inflow lines were 
necessary (as in aortic arch replacement). Use of this 
cannula is advantageous in the infant and pediatric 
patient or in the emergency setting, when insertion of 
a peripheral arterial line can be difficult. Used in 
conjunction with a Doppler system, the cannula pro- 
vides accurate, dependable blood pressure monitor- 


ing. 


Advances in the technology of extracorporeal 
circulation have firmly established clinical heart 
surgery [2, 3]. Continuing progress is being 
made in the development of oxygenator systems 
[4, 5] and venous cannulas [7], but fewer im- 
provements have been achieved in the design of 
arterial cannulas. Arterial pressure monitoring 
during cardiopulmonary bypass operations is a 
well-established procedure. We have designed 
an arterial monitoring/perfusion cannula that 
eliminates the need for cannulation of a 
peripheral artery in order to achieve pressure 
monitoring during the operation. 
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The Cannula 


A double-lumen cannula was designed, and 
prototypes* were manufactured (Fig 1). The 
larger central lumen (12 to 26F) serves as the 
arterial inflow conduit. The separate smaller 
lumen (18 gauge) provides access for continuous 
central arterial pressure monitoring. The prox- 
imal end of the central lumen is attached to the 
pump oxygenator tubing in the standard fash- 
ion. The proximal end of the monitoring lumen 
is attached to the standard pressure- monitoring 
line with a Luer-Lok connector. The distal port 
for the pressure-monitoring lumen may be 
placed either at the tip or in the side of the main 
body of the cannula, proximal to the distal tip. 

The cannula is basically a bonding of two 
separate cannulas, the perfusion conduit and a 
pressure/infusion conduit. Both lumens are 
functionally and structurally separate, thereby 
eliminating the embolic potential that existed 
with previously described pressure/perfusion 
cannulas [1, 6]. 


Experience 
Laboratory and clinical utilization of the cannula 
has been carried out in a variety of settings. 
Total cardiopulmonary bypass has been 
achieved through the ascending aorta and the 
femoral, axillary, and subclavian arteries. In 1 
patient with a type I dissecting aneurysm, indi- 
vidual arterial inflow and pressure monitoring 
was established through the left carotid, right 
axillary, and right femoral arteries. Left heart 
bypass was achieved by cannulation of the 
femoral artery or descending thoracic aorta. 
Arterial blood sampling or rapid administra- 
tion of drugs has been carried out through a 
three-way stopcock attached to the Luer connec- 
tor of the pressure-monitoring line, temporarily 
interrupting monitoring. The cannula has been 


"United States Catheter Corp, Sherwood Medical Industries, 
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Fig 1. The pressure-monitoring/perfusion cannula, 
showing: (A) the intravascular portion of the 
pressure-monitoring port; (B) the extravascular 
Luer-Lok connector; (C) the connector to the arterial 
line of the heart-lung machine. 


utilized as an air vent at the same time it was 
being used for suction when surgically appro- 
priate. 


Results 


No failures or technical difficulties occurred in 
monitoring, perfusion, blood sampling, or infu- 
sion of drugs in 250 clinical patients undergoing 
total or partial heart-lung bypass. Routine 
monitoring of perfusion with a Doppler ul- 
trasonic flowmeter has revealed no evidence of 
air emboli through the cannula, and no patient 
was noted to have clinical evidence of air emboli 
postoperatively. Figure 2 is a typical pressure 
tracing recorded during a cardiac procedure. 
Dependable pressure recordings were obtained 


Fig 2. Sequential pressure tracing before, during, and 
following cardiopulmonary bypass. 
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experimentally and clinically for left heart 
bypass and total cardiopulmonary bypass with- 
out the need for cannulation of a peripheral ar- 
tery. In 2 patients who required intraaortic bal- 
loon pump support following bypass, the 
availability of a central aortic pressure determi- 
nation from the monitoring/perfusion cannula 
allowed more accurate timing and diastolic 
augmentation. 


Comment 


Many cardiovascular centers routinely cannu- 
late a peripheral artery or use a Doppler system 
for blood pressure monitoring when a bypass 
pump is used. Advantages of central arterial 
blood pressure monitoring are readily apparent. 
Central arterial pressure is a more accurate in- 
dicator of the patient’s condition and an earlier 
prognosticator of impending difficulty. Also, 
cannulation of a peripheral artery, especially in 
infants or children, is fraught with the potential 
peril of trauma and thrombosis in the artery, 
with the attendant complications. Further, the 
peripheral arterial lines are routinely covered 
with drapes during the operation and are 
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virtually inaccessible if kinking, hemorrhage, 
or inadvertent disconnection should occur. 
These difficulties are compounded if the pa- 
tients are infants or children and in emergency 
situations in which time is of the utmost impor- 
tance. Difficulties may also be experienced with 
the Doppler system if there is dislodging or 
questionable accuracy in the presence of 
changes in vascular tone. 

The arterial monitoring/perfusion cannula 
eliminates or significantly reduces these dif- 
ficulties. Ease of application and assembly are 
self-evident, and the central arterial pressure is 
more accurate in cases of vasoconstriction, 
hypothermia, and intraaortic balloon pumping. 

Due to the limitation of being able to monitor 
only during the period of cannulation, we 
routinely employ the Doppler system in con- 
junction with the arterial monitoring/perfusion 
cannula. 
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is a particularly suitable agent. 


Appropriate specimens for bacteriologic 
studies to determine the causative organisms 
and their susceptibility to nafcillin should be 
taken prior to the first dose of antibiotic.t And if 
those studies subsequently implicate organisms 
than penicillinase-producing staphylococci sens 
to nafcillin, discontinue it and administer the apr 
priate antibiotic 


Rapid penetration 
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"On call" capability 
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stable for 24 hours.+ 


Follow-up therapy: oral 

Unipen (nafcillin sodium) is available in tablets, 
capsules, and oral solution as well as the parenteral 
form. The injectable form should be used initially 

in severe infections. And as soon as the clinical 
condition warrants, oral forms of Unipen allow you 
to continue antistaph therapy with the same anti- 
biotic in a form more convenient to patients. 
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{£e Important Note on next page 
t See important information under Parenteral Administra 
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Disc Susceptibility Tests: Quantitative methods that require 
measurement of zone diameters give the most precise estimates of 
antibiotic susceptibility. One such procedure* has been recom- 
mended for use with discs for testing susceptibility to penicillinase- 
resistant penicillin-class antibiotics. Interpretations correlate diam- 
eters on the disc test with MIC values for penicillinase-resistant 
penicillins. With this procedure, a report from the laboratory of 
"susceptible" indicates that the infecting organism is likely to 
respond to therapy. A report of "resistant" indicates that the infect- 
ing organism is not likely to respond to therapy. A report of “‘inter- 
mediate susceptibility" suggests that the organism would be 
susceptible if high dosage is used, or if the infection is confined to 
tissues and fluids (e.g., urine) in which high antibiotic levels are 
attained. 

*Bauer, A.W., Kirby, W.M.M., Sherris, J.C., and Turck, M.: Antibiotic 
Testing by a Standardized Single-Discs Method, Am. J. Clin. Pathol., 
45:493, 1966 ; Standardized Disc Susceptibility Test, FEDERAL REGISTER 
37 :20527-29, 1972. 

Indications: Although the principal indication for nafcillin sodium 
is in the treatment of infections due to penicillinase-producing 
staphylococci, it may be used to initiate therapy in such patients in 
whom a staphylococcal infection is suspected. (See Important 
Note below.) 

Bacteriologic studies to determine the causative organisms and 
their sensitivity to nafcillin sodium should be performed. 

In serious, life-threatening infections, oral preparations of the 

penicillinase-resistant penicillins should not be relied on for 
initial therapy. 
Important Note: When it is judged necessary that treatment be 
initiated before definitive culture and sensitivity results are known, 
the choice of nafcillin sodium should take into consideration the fact 
that it has been shown to be effective only in the treatment of infec- 
tions caused by pneumococci, Group A beta-hemolytic streptococci 
and penicillin G-resistant and penicillin G-sensitive staphylococci. 
If the bacteriology report later indicates the infection is due to an 
organism other than a penicillin G-resistant staphylococcus sensitive 
to nafcillin sodium, the physician is advised to continue therapy with 
a drug other than nafcillin sodium or any other penicillinase- 
resistant semi-synthetic penicillin. 

Recent studies have reported that the percentage of staphylococcal 
isolates resistant to penicillin G outside the hospital is increasing, 
approximating the high percentage of resistant staphylococcal iso- 
lates found in the hospital. For this reason, it is recommended that 
a penicillinase-resistant penicillin be used as initial therapy for any 
suspected staphylococcal infection until culture and sensitivity 
results are known. 

Methicillin is a compound that acts through a mechanism similar 
to that of nafcillin sodium against penicillin G-resistant staphylo- 
cocci. Strains of staphylococci resistant to methicillin have existed 
in nature and it is known that the number of these strains reported 
has been increasing. Such strains of staphylococci have been 
capable of producing serious disease, in some instances resulting 
in fatality. Because of this there is concern that widespread use of 
the penicillinase-resistant penicillins may result in the appearance 
of an increasing number of staphylococcal strains which are re- 
sistant to these penicillins. 

Methicillin-resistant strains are almost always resistant to all 
other penicillinase-resistant penicillins (cross resistance with ceph- 
alosporin derivatives also occurs frequently). Resistance to any 
penicillinase-resistant penicillin should be interpreted as evidence 
of clinical resistance to all, in spite of the fact that minor variations 
in in vitro sensitivity may be encountered when more than one 
penicillinase-resistant penicillin is tested against the same strain 
of staphylococcus. 

Contraindications: A history of allergic reaction to any of the 
penicillins is a contraindication. 

Warnings: Serious and occasionally fatal hypersensitivity (anaphy- 
lactoid) reactions have been reported in patients on penicillin 
therapy. Although anaphylaxis is more frequent following parenteral 
therapy it has occurred in patients on oral penicillins. These re- 
actions are more apt to occur in individuals with a history of 
sensitivity to multiple allergens. 

There have been reports of individuals with a history of penicillin 
hypersensitivity reactions who have experienced severe hypersen- 
sitivity reactions when treated with a cephalosporin. Before therapy 
with a penicillin, careful inquiry should be made concerning previous 
hypersensitivity reactions to penicillins, cephalosporins, and other 
allergens. If an allergic reaction occurs, appropriate therapy should 


be instituted, and discontinuation of nafcillin therapy considered. 
The usual agents (antihistamines, pressor amines, corticosteroids) 
should be readily available. 

Precautions: As with any potent drug, periodic assessment of 
organ system function, including renal, hepatic and hematopoietic, 
should be made during prolonged therapy. 

The possibility of bacterial and fungal overgrowth should be kept 
in mind during long-term therapy. If overgrowth of resistant organ- 
isms occurs, appropriate measures should be taken. 

The oral route of administration should not be relied upon in 
patients with severe illness, or with nausea, vomiting, gastric dilata- 
tion, cardiospasm or intestinal hypermotility. 

Safety for use in pregnancy has not been established. 

Particular care should be taken with intravenous administration 

because of the possibility of thrombophlebitis. 
Adverse Reactions: Reactions to nafcillin sodium have been 
infrequent and mild in nature. As with other penicillins, the possi- 
bility of an anaphylactic reaction or serum sickness-like reactions 
should be considered. A careful history should be taken. Patients 
with histories of hay fever, asthma, urticaria, or previous sensi- 
tivity to penicillin are more likely to react adversely. 

The few reactions associated with the intramuscular use of nafcillin 
sodium have been skin rash, pruritus, and possible drug fever. As 
with other penicillins, reactions from oral use of the drug have in- 
cluded nausea, vomiting, diarrhea, urticaria, and pruritus. 
Parenteral Administration: It is recommended that parenteral 
therapy be used initially in severe infections. The patient should be 
placed on oral therapy with this product as soon as the clinical condi- 
tion warrants. Very severe infections may require very high doses. 

Intravenous Route: The required amount of drug should be 
diluted in 15 to 30 ml. of Sterile Water for Injection, U.S.P., or 
Sodium Chloride Injection, U.S.P., and injected over a 5- to 10- 
minute period. This may be accomplished through the tubing of an 
intravenous infusion if desirable. 

Stability studies on nafcillin sodium at concentrations of 2 mg/ml 
and 30 mg/ml in the following intravenous solutions indicate the 
drug will lose less than 10% activity at room temperature (70° F.) 
during the time period stipulated: 
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Discard any unused portions of intravenous solutions after 
24 hours. 

Only those solutions listed above should be used for the intra- 
venous infusion of Unipen® (nafcillin sodium). The concentration of 
the antibiotic should fall within the range of 2 to 30 mg/ml. The drug 
concentrate and the rate and volume of the infusion should be 
adjusted so that the total dose of nafcillin is administered before 
the drug loses its stability in the solution in use. 

There is no clinical experience available on the use of this agent in 
neonates or infants for this route of administration. 

This route of administration should be used for relatively short- 
term therapy (24-48 hours) because of the occasional occurrence of 
thrombophlebitis, particularly in elderly patients. 

Intramuscular Route: The clear solution should be administered 
by deep intragluteal injection immediately after reconstitution. 
After reconstitution, keep refrigerated (2°-8° C.) and use within 
7 days or keep at room temperature (25° C.) and use within 3 days. 
Oral Administration: Beta-hemolytic streptococcal infections 
should be treated for at least 10 days to prevent development of 
acute rheumatic fever or glomerulonephritis. 

If oral therapy is inadequate, resort to parenteral nafcillin sodium. 

After mixing, the oral solution must be stored in a refrigerator. 

Discard any unused portion after one week. 
Supplied: INJECTION (VIALS)—Supplied in vial sizes of 500 mg., 
] gram, and 2 gram nafcillin sodium as the monohydrate, buffered. 
When reconstituted as recommended, the contents of each vial pro- 
vides, respectively, 2-, 4- or 8-ml. of nafcillin sodium solution 
equivalent per m/. to 250 mg. nafcillin buffered with 10 mg. sodium 
citrate. Film-coated TABLETS—containing nafcillin sodium as the 
monohydrate, equivalent to 500 mg. nafcillin buffered with calcium 
carbonate. CAPSULES— containing nafcillin sodium, as the mono- 
hydrate, equivalent to 250 mg. nafcillin buffered with calcium car- 
bonate. FOR ORAL SOLUTION—Combination pkg. of vial of dry 
nafcillin sodium as monohydrate and bottle of diluent—provides 
80 ml. of solution containing equivalent of 250 mg. nafcillin per 
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COLLECTIVE REVIEW 


The Cardiac Veins and 


Retrograde Coronary Venous Perfusion 


R. J. Bates, M.D., M. Toscano, M.D., S. C. Balderman, M.D., 


and C. E. Anagnostopoulos, M.D." 


ABSTRACT Study of retrograde coronary venous 
perfusion has been greatly overshadowed in the past 
decade by the advent and success of direct coronary 
artery revascularization. Recently there has been re- 
newed interest in retrograde venous perfusion as a 
possible means of restoring myocardial circulation in 
selected patients. This paper reviews the anatomy 
and physiology of the cardiac venous system and the 
history of retrograde venous perfusion, with em- 
phasis on recent experimental work and clinical trials 
coronary vein perfusion 


involving retrograde 


(RCVP). 


Anatomy and Physiology 


Venous drainage of the myocardium encom- 
passes two interrelated systems. The majority of 
the myocardial venous return is carried by sub- 
epicardial coronary veins draining through the 
coronary sinus into the right atrium. Included in 
this system are the anterior cardiac veins, or 
venae parvae, which empty either into the small 
cardiac vein, and thus to the coronary sinus, or 
directly into the right atrium [28]. 

The lesser system of myocardial venous return 
is loosely termed the intramural or deep venous 
circulation and is composed of arterioluminal, 
arteriosinusoidal, and thebesian vessels [69]. 
Description of these smaller vessels dates back 
to Vieussens, who in 1706 reported on the vais- 
seaux charnus (fleshy vessels or arteries) connect- 
ing the coronary arteries directly to the left 
atrium and ventricle [64]. 

Thebesius, who was familiar with the earlier 
work of Vieussens in which dye was injected 
into the left coronary artery, found a similar 
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drainage pattern directly into the cardiac cham- 
bers when a coronary vein injection was made 
[61]. These vessels were subsequently referred 
to as "Thebesian veins" and were confused with 
the vaisseaux charnus of Vieussens until well into 
the late nineteenth century. The fundamental 
difference between them was shown, but prob- 
ably not recognized, by Abernathy in 1798 [1], 
who employed a coarse wax that would not pass 
through the capillary bed. Waxes of different 
colors injected into the coronary arteries and 
veins were found unmixed in the ventricles. 

The physiological importance of intramural 
vessels was first discussed by Pratt in 1898 [53]. 
His anatomical studies had led him to conclude 
that thebesian vessels were present in all four 
cardiac chambers and that they communicated 
with the coronary veins and arteries through the 
capillary network. He also described a direct 
connection of the thebesian vessels with the 
coronary veins—but not arteries—through a 
noncapilary vascular bed. Pratt confirmed 
Langer's earlier observations [44] on the absence 
of functionally significant valves associated 
with the thebesian system. After perfusing the 
cardiac chambers or coronary sinus of isolated 
feline hearts, he postulated that the myocardium 
was maintained not only by arterial flow but also 
by thebesian vessels and backflow through the 
coronary veins. 

Prats anatomical descriptions were con- 
firmed and expanded by Grant and Viko [29]. 
By 1933, Wearn and his associates, in a series of 
elegant studies [67—69], had clarified to a large 
extent the basic anatomy of the intramural myo- 
cardial vascular system. They described two dis- 
tinct types of vessels which connect the coronary 
arteries and the chambers of the heart: the ar- 
terioluminal and the arteriosinusoidal vessels. 
Luminal vessels differ from sinusoidal vessels in 
that they possess thicker walls and a more regu- 
lar lumen. Again the thebesian vessels were 
shown not to communicate directly with the 
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coronary arteries. Prinzmetal and associates [54] 
reconfirmed Wearn’s observations using gradu- 
ated glass spheres and labeled erythrocytes, 
while Roberts and co-workers [57] demonstrated 
functional thebesian vessels in situ. 

The myocardial vascular network as it is now 
understood is presented in the Figure, which is 
modified from the studies of Gould [28] and 
Wearn and colleagues [69]. As is evident, the 
pattern of myocardial blood flow is distinct from 
that commonly found in other organs. Ham- 
mond and Austen [36] have reviewed the evolu- 
tionary background on this, and they point out 
that the earliest and oldest vertebrates lacked 
coronary arteries and relied on diffusion from 
the single ventricle to supply myocardial nutri- 
ent requirements. Under increasing demands of 
size and complexity, the myocardium re- 
sponded by developing a nutritive network of 
sinuses that was later replaced in the higher 
vertebrates with the coronary vascular system as 
we know it. Remnants of the preceding system 
remain, however, and its physiological signifi- 
cance has undergone extensive study [63]. 

Prior to the development of more sophisti- 
cated methods, analysis of the coronary sinus 
effluent was the most reliable means of studying 
myocardial metabolism and the effects of drugs 
and disease on coronary circulation. The con- 
tribution made by intramural drainage and the 
variability of coronary sinus output in altered 
states of cardiovascular performance have been 
discussed at length [2, 9, 26, 30, 34, 39—41, 43, 49, 
55, 66, 69]. It is in this context that much of the 
early work on the physiological significance of 
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this system was done, although it was generally 
inconclusive. 

Gregg and Fisher [33] held that the sinus 
channels play little or no role in coronary circula- 
tion. Recently Hammond and Austen [36] re- 
ported that 49% of the total coronary artery flow 
was drained by the coronary sinus, 24% by the 
anterior cardiac veins, 22% by the thebesian 
veins to the right ventricle, and 5% by myocar- 
dial sinusoids to the left ventricle. They deter- 
mined that 48% of the anterior descending coro- 
nary artery flow is drained to the coronary sinus, 
34% to the right ventricle by the thebesian 
veins, 12% to the right atrium by the anterior 
cardiac veins, and 5% to the left ventricle 
through myocardial sinusoids. They postulated 
that thebesian vessels play a minor role in the 
right atrium. Blood entering the right ventricle 
was venous, being as desaturated as coronary 
sinus or anterior cardiac vein blood. Since sub- 
epicardial veins do not enter the ventricles di- 
rectly, this is assumed to represent thebesian 
vein drainage. Blood entering the left ventricle 
was found to be of intermediate Po, between 
arterial and venous blood. They discounted any 
significant thebesian drainage into the left ven- 
tricle on the basis of the intraluminal pressures 
during systole, and they questioned the exis- 
tence of Wearn’s arterioluminal vessels in the 
left ventricle on the basis of their analysis of the 
work of James [38], Wagner and Poindexter [65], 
Ester and associates [24], and MacLean and col- 
leagues [47]. Consequently, this direct drainage 
was attributed to arteriosinusoidal vessels, 
which, because of the partial desaturation, may 
indicate that the sinusoids have some capability 
of providing myocardial nutrition, however 
small. 


Coronary Sinus Perfusion and the Beck 
Operation 

Pratt [53] had theorized that the myocardium is 
maintained not only by its arterial flow but also 
by additional nutritive blood flow in the thebe- 
sian vessels and backflow in the coronary veins. 
In his original work, he was able to maintain 
contractions in an isolated feline heart for 90 
minutes by perfusing the coronary sinus. Batson 
and Bellet [10] reported that flow in the coronary 
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sinus was reversed during atrial systole in dogs 
with falling arterial pressure and increased in- 
traatrial pressure. They postulated that with 
arterial occlusion this would provide an ebb- 
and-flow circulation for the myocardial capil- 
laries and could possibly explain the decrease 
in anginal pain accompanying falling coronary 
artery pressure. In 1935 Robertson [58] demon- 
strated that the myocardium could not be main- 
tained solely on backflow from the cardiac 
chambers into the thebesian vessels. 

Although it was not until 1943 that arterializa- 

tion of the coronary sinus was attempted, sev- 
eral other methods for increasing myocardial 
blood flow were pursued. In 1937 Gross and 
co-workers [35] reported that animals surviving 
partial coronary sinus ligation had a lower mor- 
tality rate from subsequent left anterior de- 
scending coronary artery (LADA) ligation. The 
experiment was suggested by the clinical obser- 
vation that anginal pain frequently is decreased 
during episodes of right heart failure, when an 
increase in coronary sinus pressure would be 
expected. They went on to suggest that perma- 
nent coronary sinus ligation would produce an 
increase in the arterial collateral flow secondary 
to elevated venous pressure. Katz and associates 
[40], however, found that occlusion of the coro- 
nary sinus resulted in a decrease in the total 
coronary: artery flow ànd concluded that there 
was no rationale for ligating the coronary sinus 
as a means of increasing the coronary arterial 
bed. : 
Gregg and DeWald [31, 32] demonstrated that 
the immediate effect of coronary sinus or great 
cardiac vein ligation was markedly elevated 
backflow in the occluded LADA but not in the 
right coronary artery. However, the retrograde 
flow had such a low oxygen content that it alone 
could not prevent infarction after acute occlu- 
sion of the LADA. Beck and Mako [14], in a 
series of experiments similar to those per- 
formed by Gross and colleagues [35], found 
that in animals in which the coronary sinus had 
been ligated seven days to four months pre- 
viously, the mortality associated with ligating 
the LADA was reduced from 70 to 50% and the 
size of the infarct was decreased. 

Consideration of these experimental findings 
led to an attempt at direct arterial perfusion of 


the coronary sinus by Roberts and co-workers 
[56] in 1943, 45 years after Pratt’s original report. 
Using a glass cannula, they introduced systemic 
arterial flow into the coronary sinus and were 
able to maintain contractions in a canine heart 
for 26 hours following ligation of the coronary 
arteries. Injection of contrast medium [57] and 
later graduated glass spheres and labeled 
erythrocytes [54] showed that blood from the 
coronary sinus was reaching the capillary net- 
work and not being exclusively shunted to other 
venous channels, ie, the anterior cardiac veins. 

Beck and his associates [11, 12, 46] performed 
a similar series of experiments in which either a 
carotid—coronary sinus anastomosis or an aor- 
tocoronary sinus anastomosis using a vein graft 
was constructed. In order to avoid creating an 
arteriovenous fistula, the coronary sinus was 
ligated or at least partially occluded proximal to 
the anastomosis. It was found that excessive 
flow through the anastomosis resulted in 
hemorrhage, fibrosis, and failure of the left ven- 
tricle. In dogs surviving the procedure, how- 
ever, late ligation of the LADA resulted in 
smaller, less lethal infarcts. These findings were 
subsequently substantiated by Eckstein and as- 
sociates [21, 23]. 

Beck continued to improve his approach to 
revascularization of the heart [15, 46] and by 


1954 had performed the Beck II operation on 186 


patients. The operation consisted of an initial 
aortocoronary sinus vein graft or direct anas- 
tomosis that was followed in two or three weeks 
by partial occlusion of the coronary sinus at the 
right atrium to raise the sinus pressure and 
promote retrograde flow [13]. 

The mechanism by which retrograde coronary 
sinus perfusion (RCSD) benefits the myocar- 
dium is poorly understood. During the first sev- 
eral weeks, arterial blood perfusing the coronary 
sinus reaches the capillary bed [4, 7]. Within six 
to twelve months, the grafts clot and the coro- 
nary sinus becomes stenosed [5, 6], probably 
due to coronary venule damage secondary to 
persistent high pressure as documented by 
Blanco and colleagues [17]. However, there re- 
mains some protection against experimental in- 
farction [22, 48]. Bakst and co-workers [8] found 
that the mortality from LADA ligation im- 
mediately after the Beck operation was 2096, 
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versus 9096 in control animals. Six months fol- 
lowing operation the mortality rate was 65%, 
despite the fact that the vein grafts were no 
longer functional [5]. Thus the mechanism of 
myocardial protection is, to some degree, inde- 
pendent of vein graft patency. There appears to 
be increased collateral flow from other coronary 
arteries [22]. 

The Beck II operation was efficacious in se- 
lected patients [13]; however, the mortality with 
the procedure remained high even in Beck's 
hands (2996). Despite recent reports of improved 
mortality rates [50], the Beck II procedure has 
been discarded in favor of the more applicable 
and successful direct coronary artery bypass 
Operation. 

Recently Williams and associates [71] reported 
maintenance of cardiac viabilitv at systemic load 
in vivo with complete retrograde perfusion 
through the coronary sinus and the use of 
phenoxybenzamine, an a-adrenergic blocking 
agent. However, the hearts so perfused could 
not maintain adequate systemic pressure for 
periods longer than 15 minutes, suggesting that 
total revascularization through RCSP, even with 
venous dilatation, is ineffective. 

Retrograde coronary sinus perfusion con- 
tinues, however, to generate interest for uses 
other than primary revascularization of the 
myocardium. Blanco and colleagues [17] had 
suggested the use of RCSP for myocardial pro- 
tection during aortic cross-clamping to allow 
visualization of the aortic valve. This approach 
was employed successfully by Lillehei and as- 
sociates both in the laboratory and clinically [27, 
45]. With the introduction of selective coronary 
artery perfusion and hypothermia, interest in 
RCSP for aortic valve procedures diminished. A 
report by Hammond and associates [37] that 
RCSP could be employed for myocardial protec- 
tion during coronary artery procedures was in- 
conclusive and failed to generate interest in this 
application. Recently Poirier and co-workers 
[52] have reported improved myocardial protec- 
tion over that provided by moderate hypother- 
mia during aortic cross-clamping by the use of 
low-flow, low-pressure RCSP. The clinical use- 
fulness and applicability of this approach re- 
main to be assessed. 


Retrograde Coronary Venous Perfusion 


Despite the success of direct coronary artery 
bypass as a means of myocardial revasculariza- 
tion, a group of patients remain who are not 
candidates for this particular approach. This 
group is characterized by extensive sclerotic 
changes in their coronary vessels with poor dis- 
tal runoff but otherwise adequate ventricular 
function. Angiographically, this group repre- 
sents 12 to 1596 of possible candidates for revas- 
cularization [3, 18, 25, 50]. 

With this group in mind, Kolff and his as- 
sociates [3] began investigating the use of ret- 
rograde coronary venous perfusion (RCVP) as 
an alternative means of myocardial revasculari- 
zation. The concept is appealing in view of the 
fact that coronary veins are not affected by 
sclerosing disease. In an earlier report, Schultz 
and associates [60] had experimentally perfused 
selected coronary veins in 44 animals after liga- 
tion of the associated coronary artery. They 
demonstrated maintenance of aerobic metabo- 
lism in the myocardium and good left ventricu- 
lar function for up to 242 hours. Subsequently, 
more detailed reports from Kolff and his col- 
leagues [18, 59] showed reversal of ischemic 5-T 
segment elevation in dogs and sheep after liga- 
tion of the LADA and perfusion of the corre- 
sponding vein by the left internal mammary ar- 
tery (LIMA). After proximal ligation of the vein, 
flows through the anastomosis varied from 20 to 
90 ml per minute. The effects of long-term ve- 
nous perfusion were not followed, and no his- 
tological studies were presented in these re- 
ports [70]. 

Park and co-workers [51] attempted to follow 
graft patency and function in dogs with LADA 
occlusion (by ameroid constrictor) and ret- 
rograde perfusion through the LIMA and left 
anterior descending coronary vein (LADV). 
Mortality was 6096 (6 of 10) in the first five days, 
with all the animals having patent grafts, com- 
plete occlusion of the LADA, and acute myocar- 
dial infarction. One animal died at 28 days with 
occlusion of both the graft and LADA and an 
acute infarction. In 3 long-term survivors 
(greater than eight months), that presumably 
had more gradual occlusion of the LADA, evi- 
dence of myocardial perfusion through the anas- 
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tomosis was demonstrated by angiography and 
scans. A series of short-term experiments was 
also performed to establish whether RCVP pro- 
vided nutritive flow. By comparison of oxygen 
saturations in the coronary sinus during control, 
RCVP, and perfusion through an arteriovenous 
fistula (LADV ligated distal to the anastomosis), 
they reported that 80% of the flow during RCVP 
was nutritive. Since the precise drainage pattern 
is unknown, however, the experimental method 
may be inaccurate. Gardner and associates [25] 
have expanded on this work to show the absence 
of a significant arteriovenous fistula during 
RCVP and effective flow through the capillary 
beds. 

Kay and Suzuki [42] reported that RCVP over 
several hours leads to myocardial hemorrhage 
and infarction. In the absence of adequate his- 
tological or physiological studies demonstrating 
the drainage pathway of RCVP, they suggested 
the use of the arterial system as a vent for re- 
versed flow. It was noted that despite venting of 
the proximal LADA to the left atrium, reversed 
arterial flow was considerably less than venous 
inflow. In this situation, a significant amount of 
the anticipated flow to the myocardial capillary 
system may be shunted to other venous chan- 
nels. Clinically, this approach would necessitate 
endarterectomy, and thus additional risk, with- 
out proved benefit. 

Demos and colleagues [20] have reported that 
by maintaining RCVP at 40 to 60 ml per minute 
in pigs, not only are ischemic electrocardio- 
graphic and contractility changes prevented or 
reversed after ligation of the LADA but also 
hemorrhagic necrosis and infarction are avoided 
over the short term (3 hours). This is in contrast 
to arterial graft RCVP (high flow, high pressure), 
which almost uniformly resulted in infarction 
[62]. 

Chiu and Mulder [19] investigated internal 
mammary artery-great cardiac vein anas- 
tomosis after LADA occlusion and found the 
flow patterns to be primarily diastolic at 50 to 200 
ml per minute. Long-term survivors (48 hours to 
five months) showed a reduction in the expected 
size of the infarction, which persisted at the 
apex as focal transmural infarcts. Corrosion casts 
demonstrated patency of the arterialized venous 


tree and venovenous collateral runoff channels. 
Significant shunting away from the capillary 
bed was demonstrated by comparing the 
amount of trapping of 5 to 15 u microspheres, 
8096 of which were trapped with antegrade in- 
jection versus 596 for retrograde injection with 
the LADA occluded. 


Clinical Experience with RCVP 


Two recent reports have appeared on the clinical 
use of RCVP as a means of myocardial revas- 
cularization. Park and co-workers [51] reported 
on 6 patients with diffuse arterial disease in 
which LIMA-LADV anastomoses were per- 
formed. All patients survived the procedure, 
and 3 had additional coronary artery grafts. Re- 
peat early angiography showed 2 of the 3 aor- 
tocoronary grafts and all 6 LIMA-LADV grafts to 
be patent. Late angiograms at two months and 
seven months showed 1 of the 2 LIMA-LADV 
grafts patent. The patent graft was a predomi- 
nant arteriovenous shunt with little myocardial 
uptake on scanning. All patients were free of 
angina at one year. 

Benedict and associates [16] used saphenous 
vein for 4 aortocoronary vein grafts in3 patients. 
All patients survived the procedure, and 2 of 3 
grafts are known to be patent postoperatively. 
Myocardial scanning in 1 patient showed good 
uptake in the early postoperative period. 


Comment 


Although there has been widespread interest in 
the use of RCVP as an alternative means of myo- 
cardial revascularization, caution must be ad- 
vised. The use of RCVP in patients with exten- 
sive coronary artery disease and no lesions that 
can be bypassed is intriguing. Another use of 
this technique may be found intraoperatively, 
during conventional revascularization proce- 
dures, to reduce the incidence of operative in- 
farctions. Consideration should also be made of 
its use in assessing the possible benefits of re- 
vascularizing areas of akinetic or dyskinetic 
myocardium if a means of temporary retrograde 
perfusion during cardiac catheterization could 
be devised. 

At the present time, extensive experimental 
information needs to be gathered before the 
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clinical applicability of RCVP can be considered. 
Study must be directed at quantifying the mag- 
nitude and hemodynamic effect of the shunt 
produced, the pattern and adequacy of venous 
drainage, the degree of effective tissue perfu- 
sion obtained, and the long-term effects of ar- 
terialization of the venous system. Adequate 
physiological and histological studies are lack- 
ing. It appears that RCVP may provide tempo- 
rary protection from myocardial ischemia, but its 
long-term patency and effect on collateral forma- 
tion remain to be investigated. 
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International Cardiology Meeting, Paris, May 16-18 
Contact: Prof. J. J. Welti, Hópital Fernad-Widal, 200 Faubourg Saint-Denis, 75010 Paris, 
France 
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ABSTRACT Perioperative and late follaw-up hemo- 
dynamic cardiovascular studies to assess the ef- 
fects of direct myocardial revascularization on cardiac 
function objectively have been completed on 51 pa- 
tients. Analysis of the data delineated three distinct 
groups based on the pattern of their early postopera- 
tive recovery. Group I patients (12) had a hyper- 
dynamic cardiovascular response to operation and 
returned to a normal physiological range of cardiac 
function within 24 hours. Group II patients (24) in- 
itially had moderate to severe myocardial decompen- 
sation postoperatively but responded to inotropic 
support and moved into the normal physiological 
range within 24 to 48 hours. Group III patients (15) 
had severe, prolonged myocardial decompensation 
with little response to inotropic support. There were 
no early deaths in Group I, 1 early iatrogenic death in 
Group II, and 2 deaths from sepsis, 1 in Group Land 1 
in Group II. All 7 cardiogenic deaths occurred in 
Group III patients. Late follow-up studies 4 to 23 
months postoperatively have been completed on 29 
patients. These showed cardiovascular stability in 
the mean values in Groups I and II. Significant im- 
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provement in mean cardiac function was seen in sur- 
viving Group III patients. 


Recent advances in preoperative and postopera- 
tive management have resulted in a dramatic 
reduction in the perioperative mortality rate for 
direct myocardial revascularization [8, 13-15, 
23, 24]. Very high graft patency rates [10, 13, 24], 
relief of angina in a large majority of patients [7, 
24], and substantial increases in myocardial 
blood flow in patients undergoing direct myo- 
cardial revascularization [12] have been well 
documented. Long-term survival of patients 
after coronary bypass operations has also im- 
proved [18]. These findings should correlate 
with improvement in indices of cardiac func- 
tion; however, there have been few studies in 
which cardiac function has been evaluated be- 
fore and subsequent to operation. Varying re- 
ports, sometimes conflicting with each other, 
have appeared regarding the effects of direct 
myocardial revascularization on cardiac func- 
tion [1, 3-6, 14, 16]. We have performed 
physiological cardiovascular studies according 
to an ongoing prospective protocol on patients 
undergoing coronary bypass operations. The re- 
sults of studies completed to date in the 
perioperative period and at late follow-up and 
the conclusions drawn from comparing results 
from preoperative and late follow-up studies 
form the basis of this report. 


Methods 


The data were collected by performing bedside 
cardiac catheterization, which permitted serial 
physiological monitoring preoperatively and 
postoperatively. Evaluation of data was done by 
a technique of multivariable statistical analysis 
that enabled us to define a patient's physiologi- 
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cal state at a moment in time. This type of analy- 
sis was used to study the changing pattern of 
physiological states in response to direct myc- 
cardial revascularization, both in the early re- 
covery period and in late follow-up. 

The basic statistical methodology behind the 
technique of multivariable physiological analy- 
sis has been reported from this institution [9, 
21]. A simultaneously obtained multivariable 
set of eleven physiological measurements is 
used that reflects aspects of cardiovascular and 
cardiopulmonary compensation. The eleven 
measurements are the cardiac index, heart rate, 
mean blood pressure, arteriovenous oxygen dif- 
ference, ejection time, mean right atrial pres- 
sure, mixed venous pH, mixed venous Po, 
mixed venous Pco,, and two values derived 
from analysis of the shape characteristics of the 
central indicator-dilution curve—the cardiac 
mixing time and the dispersion time. The car- 
diac mixing time relates directly to the dura- 
tional aspects of myocardial contractility [20], 
and the dispersion time reflects mean transit 
time through the pulmonary vascular bed [20]. 
Oxygen consumption was determined as a 
product of the cardiac index and the arterioven- 
ous oxygen difference so that the values were 
correlated for the patient's body surface area. 

A physiological frame of reference has been 
described to delineate a state of normal compen- 
sation for the older, high-risk patient (R state) 
[21]. Compared to this reference control group 
(R state), the entire spectrum of clinical severity 
in patients with trauma, sepsis, or cardiogenic 
shock can be viewed in terms of four 
pathophysiological states, A, B, C, and D. The 
prototype patient for each of these abnormal 
states can be described by the physiological pat- 
terns of the multivariable means (Fig 1). 

The A state is a normal stress response seen in 
compensated sepsis and after trauma or a major 
operation. It is characterized by an increase in 
heart rate and cardiac index and an improve- 
ment in contractility without any evidence of 
metabolic abnormality. 

The B and C states represent increasing stages 
of severity characteristic of deterioration in the 
septic process. In the B state a hyperdynamic 
cardiovascular pattern fails to supply peripheral 
needs adequately, and there is reduced oxygen 


extraction (narrow arteriovenous oxygen differ- 
ence and metabolic acidosis). In the C state, 
respiratory decompensation is superimposed 
on the unbalanced septic process seen in the B 
state, and profound metabolic and respiratory 


Acidosis occurs. The C state is characteristic of 


profound septic shock with hypotension in spite 
of normal or increased cardiac output, and it is 
marked by a fall in arterial vascular tone. 

In contrast to the B and C states, the D, or 
cardiogenic, state represents a pattern of pri- 
mary myocardial rather than primary peripheral 


. failure. The characteristic features of this state 


are a fall in cardiac output, decline in myocardial 
contractility manifested by prolonged mixing 
time, and widening of the arteriovenous oxygen 
difference. The dispersive mean transit time 
also increases. Hypotension and acidosis may 
occur [21]. 

Each of these prototype states, R, A, B, C, and 
D, may be considered a grid point in a mul- 
tidimensional physiological hyperspace (Fig 2) 
where each physiological variable represents a 
dimension analogous to a physical dimensionin 
space. In such a physiological hyperspace the 
multivariable physiological state of an indi- 
vidual real patient can be inferred by measuring 
his "distance" at a given moment in time from 
each of the points of the prototype mean states. 
The nature and degree of that patient's 
physiological inadequacy thus can be quan- 
tified from his absolute distance from a given 
state or from the distance ratios between various 
states. One such ratio, the D/A ratio, reflects the 
normalized euclidean distance from the pa- 
tient's present physiological state to the pro- 
totype cardiogenic D state mean in comparison 
to his distance to the prototype normal stress 
response A state mean [19]. This ratio has been 
found to be very valuable in the management of 
cardiac surgical patients in the immediate post- 
operative recovery period, since it quantifies the 
patient's response in terms of whether his 
course is more like that of a normal compensated 
stress response (A state) versus a profound myo- 
cardial failure state (D state). 

These physiological studies were performed 
preoperatively, immediately postoperatively, 
and on subsequent days until the operative 
recovery was deemed complete or the patient 
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Fig 1. Prototype multivariable patterns in different 
pliysiological states, all normalized to reference 
control state (R). (A) Compensated stress response 
pattern (sepsis, postoperative state, following 
trauma). (B) Unbalanced septic pattern. 

(C) Decompensated septic pattern. (D) Cardiogenic 
pattern. (BP — blood pressure; VpH — mixed venous 
pH; VpCO, = mixed venous carbon dioxide 
pressure; tm — cardiac mixing time; ta = 

pulmonary dispersive time; CVP — mean right atrial 
pressure; A-V Diff = arteriovenous oxygen 
difference; VpOs = mixed venous oxygen pressure.) 


had died. The studies were repeated at late 
follow-up of 4 to 23 months (mean, 13 months). 
In addition to these cardiovascular studies, pa- 
tients were also evaluated by coronary cinean- 
giography and left ventriculography both 
preoperatively and two to four weeks postopera- 
tively. The left ventricular ejection fraction 
(LVEF) was determined from preoperative and 
postoperative left ventriculograms by the tech- 
nique described by Greene and colleagues [11]. 
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Clinical Material 

Between March 1, 1973, and May 30, 1975, a total 
of 380 patients underwent coronary artery 
bypass grafting (CABG) (Table 1). Of these, 356 
patients had CABG only and 24 patients also had 
either valve replacement or left ventricular 
aneurysmectomy (CABG-plus). The results will 
be discussed separately for each group. 

Of the tctal 380 patients, 51 with more severe 
coronary artery disease were selected for 
physiological studies (Table 1) because it was 
believed that the quantitative cardiovascular 
data would assist their immediate postoperative 
management. Thirty-nine of these patients had 
CABG, and 12 had CABG-plus. Of the 39 pa- 
tients with CABG there were 32 men and 7 
women ranging in age from 34 to 66 years witha 
mean of 52.6 years. Each of these patients had 
from 1 to 4 coronary bypass grafts performed 
(see Table 1), a mean of 2.5 grafts per patient. 


102 The Annals of Thoracic Surgery Vol23 No2 Febrilary 1977 


UNBALANCED SEPTIC STATE 


` 


dj. 
44; 
4 


COMPENSATED STRESS RESPONSE 


CARDIOGENIC STATE 


—==» Group | Recovery 
sé Group || Recovery 


-"*:5 Group Ill Recovery 


Fig 2. Groups I, II, and III recovery trajectories in 
multidimensional physiological state hyperspace. (P = 
preoperative; 0 = immediately postoperative; 1, 2, 

3 = days postoperatively; t = death.) 


The 12 patients with CABG-plus included 10 
men and 2 women. Their ages ranged from 40 to 
65 years with a mean age of 53 years. Each of 
these 12 patients had from 1 to3 coronary bypass 
grafts performed (mean, 1.7 grafts per patient). 
In addition, 3 had aortic valve replacement, 1 
had aortic and mitral valve replacement, and 8 
had left ventricular aneurysmectomy. 


Results 

Perioperative Physiological Studies and Clinical 
Correlations 

When subjected to statistical analysis, the data 
from physiological studies done during the 
preoperative and early recovery period de- 
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lineated three distinct groups (see Fig 2) based 
on the characteristics of their early recovery pat- 
tern [19]. The first recovery group of patients 
(Group I) showed a narrow range of physiologi- 
cal compensation preoperatively and had D/A 
ratios concentrated around a mean of 1.0 (Fig 3). 
Their postoperative recovery was smooth. The 
D/A ratios tended to rise in the immediate post- 
operative period. They moved from a physiolog- 
ical R state preoperatively to a compensated 
stress-response A state immediately postopera- 
tively (see Fig 2). By the first postoperative day 
they moved back to the R state. These findings 
correlated well with the clinical courses of these 
patients. 

In the second recovery group of patients, 
Group II, in contrast to Group I, the preoperative 
D/A ratios ranged widely between 0.7 and 2.3 
(Fig 4). Immediately postoperatively there was a 
fall in the D/A ratio of greater than 0.2 from the 
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Table 1. Operative Data and Mortality Rates for 380 Patients Undergoing CABG 


Uncomplicated CABG 


Four or 

Patient Single Double Triple More 
Group CABG CABG CABG CABG 
Patients 65 123 133 35 

operated on 

Deaths (96) 1 (1.5) 4 (3.3) 7 (5.3) 1 (2.9) 
Patients 4 14 17 4 

studied 

Deaths (96) 0 2 (14.3) 1 (5.9) 1 (25) 


CABG-Plus 
Total 
CABG + of All 
AVR Patients, 
and/or CABG + All 
Total MVR LVA Total Procedures 
356 13 11 24 380 
13 (3.7) 3 (23) 2 (18.2) 5 (20.8) 18 (4.7) 
39 4 8 12 51 
4 (10.3) 2 (50) 2 (25) 4 (33.3) 8 (15.6) 


CABG = coronary artery bypass grafting; AVR = aortic valve replacement; MVR = mitral valve replacement; LVA = left ventricular 


aneurysmectomy. 


preoperative value, and the D/A ratio in most 
patients declined to a value below 0.8, which has 
been shown to lie in a region of myocardial 
decompensation similar to that found in pa- 
tients following acute myocardial infarction 


Fig 3. Group I recovery pattern. Note that in case of 
late death a dotted line has been carried from the last 
in-hospital physiological study to the time of death in 
the right half of the figure. This projection isonly to 
show the time of death and does not imply that the 
patient's physiological state stayed at the same level 
until death. This also applies to Figures 4 and 5. 
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[19]. However, this group was able to recover 
rapidly from this acute postoperative myocar- 
dial decompensation. The D/A ratios rose to 
nearly normal values by the second day. All the 
patients in this group moved from the control R 
state preoperatively into the cardiogenic D state 
in the immediate postoperative period (see Fig 
2). By the first postoperative day they moved 
back to the A state, and they returned to R state 
by the second day postoperatively. As would be 
expected, this group had more difficult clinical 
courses, often requiring cardiovascular support 
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Fig 4. Group Il recovery pattern. 


with inotropic agents. The recovery trajectory, 
though slower than that of Group I, was clini- 
cally acceptable. 

The third recovery group of patients (Group 
III) had preoperative values comparable to those 
in Group II and had a wide range of preoperative 
D/A ratios (0.29 to 1.53), although patients 
whose preoperative D/A ratio was less than 0.6 
were clearly distinct from those in any other 
preoperative group (Fig 5). Group M patients 
also tended to fall into the cardiogenic D state 
immediately postoperatively, as did patients in 
Group II. However, Group III patients fell out of 
the statistical time-course envelope of the nor- 
mal Group II recovery pattern in the subsequent 
postoperative period (see Figs 2, 5). They had 
minimal response to inotropic agents and often 
required support with intraaortic balloon coun- 
terpulsation. 

IN-HOSPITAL MORTALITY. The in-hospital 
mortality in the 356 patients with CABG was 
3.796, while that in the 24 patients with CABG- 
plus was 20.896. The overall in-hospital mortal- 
ity was 4.796 for both groups combined. 

In the study group of 51 patients, the overall 
hospital mortality was 15.696 (10.396 in CABG 
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and 33.3% in CABG-plus patients). Of the 8 
hospital deaths in the study group of 51 patients 
(4 with CABG and 4 with CABG-plus), 6 were 
from cardiogenic causes. It is of interest to note 
that all 6 of these patients had type III recovery (2 
had CABG and 4, CABG-plus). There were no 
in-hospital deaths in Group I patients. There 
were 2 in-hospital deaths in Group II patients 
(both of whom had CABG), and both deaths 
were due to noncardiogenic reasons. One pa- 
tient died of sepsis six weeks postoperatively. 
The other patient developed a dissecting 
aneurysm of the aorta intraoperatively and died 
48 hours later due to the dissection extending 
into the arch of the aorta and the great vessels, 
with cerebral infarction and pneumonia. 


Late Clinical and Physiological Evaluation 


LATE MORTALITY. Two deaths have occurred, 
both in CABG patients, for a late mortality rate 
of 4.096 in this study group. One of the patients 
who had type I recovery died of sepsis following 
admission for acute hemorrhagic colitis 6 
months after his CABG. His D/A ratio on the last 
study during acute postoperative recovery was 
2.54, and the postoperative LVEF was 0.64 
(preoperative, 0.40). The other death was car- 
diogenic, however, and it occurred in a patient 
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Fig 5. Group III recovery pattern. 


who had a type III recovery with a D/A ratio of 
0.74 on the last physiological study after her 
operation (fourth postoperative day). She died 4 
months later of myocardial failure in a chronic 
low-flow state. Her preoperative LVEF had been 
0.69. Postoperative left ventriculogram was not 
performed. 

CLINICAL EVALUATION ON LATE FOLLOW-UP. 
Of the 41 surviving study patients, 29 (22 with 
CABG and 7, CABG-plus) have been restudied 
from 4 to 23 months postoperatively (mean, 13 
months). All but 1 patient had resumed normal 
activities. Most had returned to their original 
jobs, while those who had since retired claimed 
to be doing much higher workloads at home 
than before their operation. Of the 29 patients, 
26 (8796) were asymptomatic. Two patients had 
mild angina requiring occasional nitroglycerin. 
One patient who had CABG had symptoms of 
angina as severe as preoperatively. 


Postoperative Angiographic Studies 


GRAFT PATENCY RATES. In a recent report 
from this institution, Greene and colleagues [10] 


reported a 9396 graft patency rate in a total of 185 
patients. Of the 41 surviving patients in the 
study group, 38 have had postoperative angiog- 
raphy as of this date. From a total of 87 grafts 
inserted in these 38 patients, 77 (8996) were pat- 
ent on postoverative studies. Of the 38 patients 
studied, 37 patients (9596) had at least 1 
functioning graft. 


POSTOPERAIIVE LEFT VENTRICULAR EJECTION 
FRACTION. Of the 38 patients who have had 
postoperative angiography, only 22 had left ven- 
triculograms (18 CABG and 4 CABG-plus pa- 
tients), and their left ventricular ejection frac- 
tions were determined (Fig 6). Student's paired 
t-test done fcr CABG and CABG-plus patients 
showed no significant change in preoperative 
and postoperative LVEF. When this test was 
done for all patients there was also no significant 
change. However, on an individual basis the 
patients who had very low LVEF preoperatively 
and who survived operation have shown the 
most improvement on postoperative studies. 


Late Physiological Studies 


The data on cardiac index and oxygen consump- 
tion from preoperative and late physiological 
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Fig 6. Left ventricular ejection fraction: preoperative 
and postoperative studies in 22 patients. Mean 
values with standard deviations for CABG and 
CABG-plus patients are given on the top. The 
preoperative mean values include those patients who 
subsequently died and were not restudied. 


studies on 29 patients are depicted in Figures 7 
and 8 (the D/A ratios were shown in Figures 3, 4, 
and 5). Values for each of the three recovery 
groups (I, IL, and III) are presented separately in 
each figure. Preoperative values only are shown 
for patients who died. On top of each column are 
given the mean values with standard deviations 
for CABG and CABG-plus patients. The mean 
values in the preoperative column include the 
values for those patients who died. Paired Stu- 
dent's t-test was performed for each of the 
physiological variables to determine if there was 
any significant change from preoperative to late 
follow-up study. This test was done in each re- 
covery group (I, IL, and IH) for CABG and 
CABG-plus patients separately and then for the 
entire group. The test was also performed for all 
CABG patients and all CABG-plus patients, re- 
gardless of their recovery groups. Finally, the 
paired Student's t-test was applied in the entire 
group of patients restudied. Since these are 
paired statistics, the values for patients who 


died were not included in this test. The results 
are discussed below. The 29 patients restudied 
so far include 6 patients in Group I (all CABC), 
17 in Group II (12 CABG and 5 CABG-plus), and 
6 in Group III (4 CABG and 2 CABG-plus). 

CARDIAC INDEX. No statistically significant 
change in cardiac index occurred in any recovery 
group (see Fig 7). However, the mean cardiac 
index improved in CABG-plus patients (p < 
0.05). 

ARTERIOVENOUS OXYGEN DIFFERENCE. There 
was no Significant change in any patient recov- 
ery group. 

OXYGEN CONSUMPTION. 
provement in oxygen consumption (see Fig 8) in 
late studies occurred in Group II patients (p < 
0.02) and in all CABG patients (p « 0.05). Over- 
all, in 29 patients (CABG and CABG-plus) there 
was a significant increase (p « 0.01) in oxygen 
consumption in the late studies. 

CARDIAC MIXING TIME. There was a slight de- 
terioration in myocardial contractility in Group I 
patients (p -< 0.05). However, late studies 
showed significant improvement (shorter car- 
diac mixing time) in all CABG- plus patients (p < 
0.01). There was no significant change when all 
patients were considered together. 

D/A RATIOS. The D/A ratios (see Figs 3-5) 
showed significant improvement in CABG-plus 
patients (p « 0.05); however, there was no 
statistical difference in any of the recovery 
groups when all patients were considered to- 
gether. This can be interpreted as a stabiliza- 
tion of the physiological recovery pattern, since 
no deterioration occurred in the D/A ratio. 


Significant im- 


Comment 


To assess objectively the effects of direct myo- 
cardial revascularization on cardiac function, 
physiological cardiovascular and cardiopulmo- 
nary studies have been completed on 51 of 380 
patients who underwent coronary bypass graft- 
ing. The studies were done both perioperatively 
and during a follow-up period of up to 23 
months. For purposes of evaluation we have 
separated the patients who had only coronary 
artery bypass grafts from those who had in addi- 
tion either valve replacement or left ventricular 
aneurysmectomy. The patients were divided 
into three groups based on their pattern of early 
postoperative recovery [19]. Group I recovery 
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Fig 7. Cardiac index: preoperative and late follow-up 
studies in 29 patients. 


pattern is the most acceptable type of acute re- 
covery in which patients have a hyperdynamic 
cardiovascular physiological response to opera- 
tion. Clinically they had smooth and uneventful 
courses in the postoperative period. There were 
no in-hospital or late cardiogenic deaths in this 
group of patients. On long-term follow-up these 
patients have shown continued cardiovascular 
stabilization (see Fig 3). 

The Group II acute recovery pattern, although 
delayed in time compared to Group I, is also 
acceptable. Initially the patients in this group 
had moderate to severe myocardial decompen- 
sation following operation. However, they re- 
sponded well to minimal inotropic support and 
moved back to control physiological values 
within 24 to 48 hours postoperatively. As in 
Group I, there were no early or late cardiogenic 
deaths in this group of patients. The long-term 
follow-up is characterized by continued car- 
diovascular stability (see Fig 4), asin Group I. Of 
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interest regarding the improved activity states 
of patients in Group Il is the fact that their oxy- 
gen consumption had improved significantly (p 
« 0.05; see Fig 8). 

Group III recovery pattern is an unacceptable 
form of acute recovery after CABG. The patients 
in this group had severe myocardial decompen- 
sation in the immediate postoperative period, as 
in Group II. However, these patients failed to 
respond to inotropic support and had an oscillat- 
ing course in the region of the cardiogenic D 
state for several days postoperatively (see Fig 5). 
Patients who showed very abnormal preopera- 
tive cardiovascular physiological values (low 
LVEF or low D/A ratio or both) usually had this 
type of acute recovery pattern. 

All 7 cardiogenic deaths in our study group of 
patients (6 in-hospital and 1 late death) occurred 
in Group III patients. Included in the hospital 
deaths are 2 patients who could not be weaned 
from cardiopulmonary bypass and died in the 
operating room. Their preoperative D/A ratios 
were 0.33 and 0.77 and preoperative LVEFs 0.22 
and 0.25, respectively. Another point to be 
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Fig 8. Oxygen consumption: preoperative and late 
follow-up studies in 29 patients. 


noted is that all of the patients who died in this 
group had a D/A ratio of less than 0.8 on their last 
physiological study before death (see Fig 5). 

On long-term follow-up the surviving pa- 
tients in Group III, asin Groups I and II, showed 
stabilization in their cardiac function. On an 
individual basis, the patients who had the 
poorest physiological values preoperatively and 
survived operation showed the most improve- 
ment in cardiac function. As a group their 
physiological measurements stabilized within 
the normal range. 

Clinically, surviving patients in all three 
groups have shown improvement. There is a 
high graft patency rate that is correlated with 
equally good incidence of relief of angina. All 
patients but 1 have returned to a fully active life 
postoperatively. Thus it appears that regardless 
of the type of early postoperative recovery pat- 
tern, in the main surviving coronary bypass pa- 
tients show cardiac stabilization on long-term 
follow-up. Moreover, those with very poor 
preoperative physiological status who survive 
operation show significant improvement in car- 
diac function on late studies. 
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In view of these findings, efforts should be 
made to reduce the remaining cardiogenic 
deaths in the perioperative period, which occur 
exclusively in Group III patients. Patients who 
are likely to have a Group III recovery pattern 
may often be identified preoperatively and 
treated prophylactically with inotropic support. 
Group III patients with very poor preoperative 
physiological values (LVEF > 0.40 and D/A ratio 
< 0.80) are at a grave risk both during operation 
as well as postoperatively. The other Group H 
patients may develop intraoperative complica- 
tions due to a prolonged period of myocardial 
ischemia, butthis correlation is only speculative 
at present. However, a patient whose preopera- 
tive clinical pattern of physiological studies 
suggests the possibility of a Group III recovery 
should be monitored serially in the postopera- 
tive period. 

An attempt has been made to correlate the 
various postoperative recovery patterns with 
the following clinical and physiological factors: 
age, sex. incidence of preoperative myocardial 
infarction (MI) and the number of preoperative 
Mls per patient, incidence of unstable angina, 
preoperative LVEF and D/A ratios, mean 
number of bypass grafts performed, and 


of 
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whether the patient had coronary artery bypass 
grafts only or also had an additional procedure 
such as valve replacement or aneurysmectomy. 
Patients were classified as having unstable an- 
gina if they had new angina of less than three 
months’ duration, angina increasing in fre- 
quency or severity, or angina at rest. Also in- 
cluded were patients under observation for MI 
without enzyme change or electrocardiographic 
evidence of transmural lesions. 

Table 2 shows the mean values for these fac- 
tors in each of the three recovery groups as well 
as in a subgroup of Group MI comprising all 
patients who died of cardiogenic causes. 
Analyzing this table critically, it is noted that 
there is no single clinical factor or combination of 
factors which will separate any of the recovery 
groups preoperatively except the fact that more 
than half (4 of 7) of the patients who died of 
cardiogenic causes had associated lesions and 
needed CABG-plus procedures. Moreover, the 
patients who died of cardiogenic causes also had 
a low mean preoperative LVEF (0.43) and low 
mean preoperative D/A ratio (0.76) compared 
with the three recovery groups, in which mean 
values for these physiological measurements 
were within normal limits. 

The earliest and surest way to identify pa- 
tients with normal preoperative physiological 
values who show a Group IlI recovery pattern 
postoperatively appears to be through serial 
physiological monitoring postoperatively. If the 
D/A ratio falls to levels below 0.8 in the im- 
mediate postoperative period, one must be 
alerted to a moderate or severe myocardial de- 
pression with circulatory instability. If the D/A 


ratio falls to levels below 0.6 or continues in the 
cardiogenic region beyond the immediate 12- 
hour postoperative period, aggressive therapy 
must be instituted. This implies therapy with 
cardiac inotropic agents and early institution oz 
intraaortic balloon counterpulsation if the seria. 
D/A ratios do not show steady improvement or 
stabilization above the 0.6 to 0.8 range. In this 
regard the use of the D/A ratio has a decided 
advantage over relying upon the LVEF, since it 
can be mor.itored at the bedside on a serial basis 
without repeated angiographic study. In addi- 
tion, it provides information concerning 
peripheral and respiratory compensation as well 
as data concerning the level of myocardial con- 
tractile response. Patients who are to have addi- 
tional procedures such as valve replacement or 
ventricular aneurysmectomy along with coro- 
nary artery bypass grafts are at a much higher 
risk and should be routinely monitored with 
serial physiological studies. 

In conclusion, based on the present set of 
physiological studies, the long-term effect of di- 
rect myocardial revascularization on cardiac 
function mainly appears to be one of stabiliza- 
tion. This physiological stabilization would ap- 
pear to be a major positive benefit in view of the 
natural history of the disease process [2, 17, 22], 
and it supports the clinical data comparing op- 
erated versus nonoperated patients with coro- 
nary occlusive disease. In Group III patients 
with preoperative physiological evidence of se- 
vere myocardial dysfunction, those who survive 
operation show clear evidence of overt 
physiological improvement. 

All the cardiogenic deaths (7) occurred in 


Table 2. Preoperative Data on 51 Patients with Coronary Artery Bypass Grafts 


Age No. and % No. and 7o Range Range No. and 
Range of Patients of Patients and and Mean No. and “Yo of 
and No. and with Mean No. with Mean of of Preop Mean of CABG- 
Recovery No. of Mean % of Preop of MIs/ Unstable Preop D/A CABG/ Plus 
Group Patients (yr) Women MI Patient Angina LVEF Ratio Patient Patients 
i 12 34-66 2 (16.6%) 8 (66%) 0.66 3 (2596) 0.38-0.92 0.96- 1.15 1-3 (2.3) None 
(52.5) (0.61) (1.13) 
i 24 34-66 3 (12.596) 17 17196) 1.16 8 (33%) 0.23-0.84 0.72-2.16 1-4 Q.3) 6 (2596) 
(51.5) (0.56) (1.22) 
It] 15 40-65 4 (26.6%) 8 (53%) 0.86 2 (13%) 0.15-0.69 0.29-1.53 1-4 (2.1) 6 (40%) 
(55) (0.49) (0.97) 
Cardiogenic 7 40-65 3 (42.896) 4 (57%) 0.85 None 0.15-0.67 0.29-1.38 | 1-3 (2.5) 4 (57%) 
deaths" (57) (0.43) (0.76) 


"Patients included in this subgroup all belong to Group III and are included in this group as well. 


MI = myocardial infarction; LVEF = left ventricular ejection fraction; D/A ratio = patients preoperative physiological state in comparison to mean cardiogenic 
shock/mean normal stress response values (see Methods in the text); CABG = coronary artery bypass graft. For definition of groups see Perioperative Physiological 
Studies and Clinical Correlations in the text. 


110 The Annals of Thoracic Surgery Vol 23 No2 February 1977 


Group III patients, and most of these (6 of 7) 
were in the early postoperative period. Our 
studies suggest that these high-risk patients can 
be identified preoperatively or very early in the 
immediate postoperative period by performing 
serial physiological studies perioperatively. A 
very low LVEF or D/A ratio preoperatively, a fall 
in the D/A ratio below a level of.0.6 in the im- 
mediate postoperative period, or a D/A ratio that 
fails to return to the normal physiological range 
within 12 hours postoperatively is an indication 
of severe myocardial depression and circulatory 
instability and should be treated early with ino- 
tropic support. A lack of objective response to 
pharmacological support implies the need for 
intraaortic balloon support based on failure of 
the D/A ratio to rise above cardiogenic levels. 
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Sympathetic Denervation 


in Association with Coronary 


Artery Grafting 


in Patients with Prinzmetal’s Angina 
Claude M. Grondin, M.D., and Raymond Limet, M.D. 


ABSTRACT Myocardial revascularization in pa- 
tients with Prinzmetal’s angina has yielded variable 
results. Two patients are presented who underwent 
partial cardiac sympathectomy in combination with 
coronary artery grafting for typical variant angina 
associated with severe organic obstructive coronary 
artery disease. Late results 12 and 18 months post- 
operatively have been excellent in both instances as 
shown by clinical and angiographic evaluation. 

Although the exact mechanism responsible for 
Prinzmetal’s angina is not known, it is believed that 
spasm through increased activity of vasomotor tone 
or of the autonomic nervous system plays a major 
role. Since this variant form of angina encompasses a 
whole spectrum at angiography, ranging from nor- 
mal arteries to severely narrowed ones, including 
those with spasm, it is suggested that surgical treat- 
ment be planned accordingly. Thus, in patients who 
have organic stenoses with and without spasm, 
operative treatment may consist of removal of the 
preaortic or pretracheal plexus in association with 
conventional coronary artery grafting. In patients 
who have intractable episodes of ventricular ar- 
rhythmia or angina and whose angiogram is normal 
or shows isolated spasm, coronary artery grafting 
should be abandoned, in view of the poor results 
reported in the literature in these circumstances, and 
cervicothoracic sympathectomy should be consid- 
ered. 


Since Prinzmetal’s report on variant angina in 
1959 [36], considerable interest has been ex- 
pressed concerning the mechanism [10, 12, 16, 


| 26, 27, 42] and treatment [13, 18, 26, 38] of this 


form of angina pectoris, which is characterized 
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by transient S-T segment elevations occurring 
without enzymatic or electrical evidence of 
myocardial infarction. 

The occurrence of these episodes at night or 
during periods of rest suggests a mechanism 
different from that prevailing in exertional an- 
gina and lends credence to the hypothesis that 
ascribes a prominent role to vasomotor tone [6] 
or to the autonomic nervous system in the initia- 
tion of the attack [42]. The latter view has been 
given greater support recently by an increasing 
number of authors [7, 17, 21, 27, 32] who have 
been able to demonstrate spasm at angiography 
in the area corresponding to the electrocardio- 
graphic alterations. On the other hand, the 
results of operative treatment of Prinzmetal's an- 
gina have been variable: coronary artery graft- 
ing has met with limited success [3, 12, 17, 26], 
at least until very recently [15, 18, 38], and has 
come under somewhat deserved criticism [12, 
25]. The difference in postoperative results ob- 
served between and within series of patients 
may reflect the wide angiographic spectrum rep- 
resented in this entity, which extends from ar- 
teries showing little or no disease to those with 
severe organic obstruction and includes arteries 
which, at any point of the spectrum, also display 
spastic narrowings. Coronary artery grafting 
may yield excellent results in patients with se- 
vere organic obstructive disease. It may, how- 
ever, be ill advised in patients whose coronary 
arteriogram is normal or displays isolated 
spasm, and at times it may prove inefficient in 
those with spasm superimposed on severe 
stenotic lesions. For these patients a different 
approach may 5etaken, one in which sympathe- 
tic or autonomic activity is suppressed through 
partial cardiac denervation. 

The purpose of this preliminary report is to 
describe the technique of partial cardiac dener- 
vation in association with coronary artery graft- 
ing, a technique that was used in 2 patients with 
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Prinzmetal’s variant angina, prompted by the 
poor results obtained with conventional coro- 
nary artery grafting [3]. 


Material and Methods 
Patient 1 


A 54-year-old white man was admitted to the 
Montreal Heart Institute in July, 1974, with re- 
cent onset of retrosternal pain. Three weeks ear- 
lier he had been admitted to another hospiial 
with similar complaints and during hospitaliza- 
tion had had several episodes of ventricular fi- 
brillation. Shortly after being sent home, the pa- 
tient experienced pain at rest and was referred to 
our center. During the second hospitalization, 
typical 5-T segment elevations were seen in the 
precordial leads during episodes of pain. Serum 
enzymes remained within normal limits. A 
coronary arteriogram showed nonsignificant 
(30%) narrowing of the proximal third of a dom- 
inant right coronary artery and marked (75%) 
narrowing of the left anterior descending coro- 
nary artery (LAD) just proximal to the first 
diagonal and septal branches. The circumflex 
artery was normal, as was the left ventriculo- 
gram. 

The patient underwent saphenous vein graft- 
ing to the middle portion of the LAD and resec- 
tion of a5 cm sleeve of adventitia surrounding 
the base of the ascending aorta and the medial 
aspect of the pulmonary artery. Blood flow 
measured 120 ml/min in the graft and did not 
change following removal of the preaortic 
sympathetic fibers. The pathological specimen 
showed fibrous adipose tissue with several 
small nerve fibers. The patient remained 
asymptomatic 18 months after operation. A late 
postoperative cineangiogram showed a patent 
graft with excellent retrograde and antegrade 
perfusion of the LAD. The proximal LAD was 
completely occluded at the site of the previous 
narrowing. The lesion in the right coronary ar- 
tery had not progressed. 


Patient 2 

A 44-year-old white man was transferred to our 
institution from the intensive care unit of 
another hospital, where he had been admitted 
with a two-week history of retrosternal pain oc- 


curring at rest. Several bouts of ventricular 
tachycardia were documented at both hospitals, 
and S-T segment elevations occurred in the pre- 
cordial leads during anginal attacks which, for 
the most part, occurred at night and during 
sleep. 

The left ventriculogram displayed slight mi- 
tral valve prolapse with minimal mitral insuffi- 
ciency. The coronary arteriogram showed nor- 
mal right and circumflex coronary arteries and 
85% narrowing of the LAD proximal to the first 
septal and diagonal branches. A second narrow- 
ing (70%) was also present on the LAD distal to 
the first diagonal branch. A double graft (se- 
quential coronary anastomoses) was performed 
to the middle of the LAD and the first diagonal 
branch. The area between the aorta and the 
pulmonary artery was dissected, and the pre- 
tracheal plexus, containing one large ganglion 
and several smaller ones, was resected along 
with the adventitia on the medial aspect of both 
the pulmonary artery and the ascending aorta. 
Histological examination showed ganglion cells 
and several nerve trunks. Blood flow in the graft 
measured 135 ml/min prior to and following re- 
moval of the pretracheal plexus. 

The patient remained well 12 months after 
operation. The vein graft was patent, and no 
progression of disease was shown on late an- 
giographic follow-up. 


Technique of Partial Sympathetic Denervation of 
the Heart 

The heart receives its innervation from both the 
parasympathetic (vagus) and the sympathetic 
systems. The latter comprises mainly the stellate 
(cervicothoracic) ganglion, which represents fu- 
sion of the seventh and eighth cervical and first 
thoracic ganglia, and the second, third, and 
fourth thoracic ganglia. Fibers from these sym- 
pathetic ganglia form the superior, middle, and 
lower sympathetic cardiac nerves [28]. These 
nerves meet with multiple fibers from the vagus 
to form the cardiac plexuses. The major plexuses 
are located anteriorly near the base of the aorta 
and the pulmonary artery and posteriorly in the 
subepicardial region of the left atrium [37, 41]. 
The rich network of fibers surrounding the 
coronary arteries and forming the coronary 
plexus originates from fibers of the anterior 
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plexus [1, 28]. This plexus is located between the 
pulmonary artery, the trachea, and the aorta and 
comprises several ganglia, including the large 
and inconsistent ganglion of Wrisberg [1, 28, 
41]. 

The technique used in the first patient con- 
formed to the one described by Arnulf [1], who 
resected the preaortic plexus by removing fibers 
and adventitia overlying the medial portion of 
both the pulmonary artery and aorta from the 
left vagus nerve laterally to the most anterior 
aspect of the ascending aorta medially. In the 


The cardiac nerves and pretracheal plexus. Note the 
three sympathetic cardiac nerves (superior, middle, 
and inferior) originating from ganglia of the 
cervicothoracic chain and combining with fibers from 
the vagus to form, as shown here, the pretracheal 
plexus, in which Wrisberg's ganglion is found, when 
present. Also note the preaortic fibers, which need to 

be resected along with the pretracheal ganglia in 

order to sever connections with the coronary plexus. 
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first patient, a sleeve of adventitia was resected 
around the entire circumference of the base of 
the aorta so as to obtain all fibers anterior to the 
aorta. In the second patient a slightly different 
approach was taken. The resection of adventitia 
anterior to the aorta was carried no farther right 
than the level of the superior vena cava. In the 
medial aspect of the aorta, next to the pulmonary 
artery, the dissection uncovered several ganglia, 
with the larger one (Wrisberg's ganglion) being 
located next to the trachea. The entire triangular 
area of tissue located between the pulmonary 
artery laterally, the trachea posteriorly, and the 
ascending aorta medially was resected (Figure). 


Comment 

Until recently, the overall results of coronary 
artery grafting in Prinzmetal' angina were 
poor. Gaasch and co-workers [13] reviewed the 
surgical literature in 1974 and found that there 
had been 3 operative deaths (12.596) in the 24 
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published cases and that 4 of the 21 survivors 
(19%) had experienced early postoperative 
myocardial infarction. Eight of the 14 grafts 
(57.1%) that had been evaluated by postopera- 
tive angiography were found to be occluded. 
The picture has changed considerably, since 
several authors have reported excellent results. 
An additional 67 surgical cases [3, 4, 10, 15, 17, 
18, 23, 31, 33, 38] have been published in the 
literature in French and English since the report 
of Gaasch and associates (Table). The early post- 
operative mortality in the 93 patients (including 
the 2 reported here) now stands at 8.6% (8 pa- 
tients), whereas the incidence of postoperative 
myocardial infarction is 14.1% (12 of 85 sur- 
vivors). Thirteen of the 55 grafts (23.6%) were 
occluded early after operation. 

The wide angiographic spectrum found in 
Prinzmetal’s syndrome may account for the dis- 
parate results obtained by the various authors. It 
is of interest to note, however, that the majority 
of patients were operated upon for severe or- 
ganic narrowing. Only 7 patients had spasm, 
either isolated (5 cases) [13, 15, 17] or superim- 


posed on organic narrowing (2 cases) [9, 26]. 
Results in these patients were poor: 2 died early 
after operation [9, 13], and 3 either had throm- 
bosis of their graft [17, 26] or have persistent 
pain [3]. On the other hand, coronary artery 
spasm is not infrequent in variant angina [7, 23, 
27] and conceivably may occur distal to a patent 
graft. This would explain the persistence of 
spontaneous angina in patients who no longer 
experience effort angina and have patent grafts 
[10]. One of the 4 patients reported earlier from 
our institution [3] now has variant angina de- 
spite a patent graft. He has no angina upon 
exertion. 

As shown in Raynaud’s and other vasospastic 
diseases [8], sympathetic denervation may pre- 
vent the occurrence of arterial spasm secondary 
to increased sympathetic activity. It has been 
suggested that the medial hypertrophy and sub- 
intimal fibrosis which have been described in 
the digital arteries [2] of patients presenting 
with posttraumatic Raynaud’s phenomenon 
may be secondary to prolonged sympathetic 
stimulation [20]. Subintimal fibrosis, which 


Results of Ceronary Artery Grafting in Prinzmetal's Angina 


Postoperative 
No. of Operative Myccardial Graft Good 

Author Patients Deaths Infarction Patency Results 
Silverman? 2 1 0 NÀ 1 
Linhart? 1 0 0 NA 2 
Balooki? 1 0 0 12 1 
Buonanno? 2 0 0 1/2 1 
Dhurandhar [9] 1 1 TA 1 0 
McAlpin® 9 0 1 215 2 
Gaasch [12] 6 1 2 0/3 2 
Endo [10] 9 i 0 717 0 
Hiltgen [18] 13 2 2 5/6 7 
Gonin [15] 15 0 1 18/20 13 
Betriu [3] 4 1 2 1/2 1 
Bodenheimer [4] 3 0 1 0/2 i 
Hart [17] 1 0 dus 1 0 
Pachinger [33] 1 0 0 1 1 
Laval [22] 5 0 2 NA 3 
Nordstrom [31] 2 0 0 2/2. 2 
Shubrooks [38] 16 1 1 NA 14 

Total 91 8 12 40/53 51 





? As cited by Gaasch and colleagues [13]. 


NA = not assessed. 


a 4 
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may represent an early manifestation of the 
common atherosclerotic lesion [40], has also 
been seen in association with long-term er- 
gotamine therapy [11] and has recently been 
noted in the coronary arteries of patients with 
Prinzmetal’s angina [9].* Although the associa- 
tion of peripheral vasospastic disease and 
Prinzmetal’s angina has not been described, 
overactivity of the sympathetic system is 
strongly suggested in the latter disease. Indeed, 
spasm of coronary arteries has been demon- 
strated more often in this condition than in 
exertional angina. Laval and co-workers [22] col- 
lected from the literature 102 patients with vari- 
ant angina who had had coronary arteriograms. 
Twelve of the 102 angiograms displayed spasm, 
including 6 that showed no other coronary le- 
sions. Using intravascular injection of er- 
gotamine, Clark and associates [7] were able to 
demonstrate spasm in 8 of 40 patients with var- 
iant angina. Spontaneous spasms were seen at 
coronary arteriography in nearly half (14/31) of 
the patients with Prinzmetal’s angina reported 
by Maseri, Pesola, and their co-workers [27, 35]. 
These authors reported complete and reversible 
occlusion of a large coronary branch in all 10 
patients who underwent repeat injection of con- 
trast medium during an episode of S-T segment 
elevation [27]. On the other hand, the occur- 
rence of anginal attacks at night, during sleep or 
rest periods, suggests increased activity of the 
autonomic system and, more precisely, of the 
sympathetic system, since the network of nerve 
filaments surrounding the coronary artery is 
said to consist mainly of sympathetic fibers [5, 
19, 39]. 

The heart receives its sympathetic innervation 
mainly from the cervical ganglia, as embryologi- 
cally this organ originates from the neck. Itis not 
clear in man whether the sympathetic system 
below the stellate ganglion participates in the 
cardiac innervation [29]. Nonetheless, the sym- 
pathetic fibers originating from the lower cervi- 
cal and upper thoracic ganglia merge with vagal 
fibers to form cardiac plexuses [28, 37]. The 
major plexuses are located anterior to the aorta 
and trachea and behind the left atrium near the 


"Guermonprez JL: Pathological findings in patients with 
Prinzmetal’s angina. (Submitted for publication) 


interatrial septum. The pretracheal plexus con- 
tains several ganglia, including the large and 
inconsistent ganglion of Wrisberg [1, 28, 41]. 

Comple:e and permanent sympathetic dener- 
vation of the heart is difficult to achieve short of 
allotransplantation. In dogs, bilateral stellec- 
tomy and removal of the upper thoracic ganglia 
lead to more complete denervation than loca! 
pericardiac neural ablation, but denervation ob- 
tained wita the former technique is less com- 
plete than that reached through autotransplanta- 
tion [34]. The latter is temporary, however, as 
fibers ultimately regenerate and cross suture 
lines. Moreover, complete cardiac denervation, 
even without transplantation [14], represents a 
major surgical undertaking and may not be 
necessary in Prinzmetal’s angina. Section of the 
preaortic fibers and removal of the pretracheal 
plexus may be sufficient to sever connections 
with the coronary plexus [1] and, it is hoped, 
break the sympathetic reflex responsible for 
spasm. 

Sympathetic cardiac denervation is not new: 
in 1939 Arnulf in France [1] and in 1947 others in 
the United States [23] used cervicothoracic sym- 
pathetic ablation to interrupt pain fibers in pa- 
tients with angina pectoris. More recently, sym- 
pathectomy has been used successfully in the 
treatment of recurrent ventricular tachycardia 
and fibrillation [24] and of syncope associated 
with a prolonged Q-T interval [30]. In the latter 
case, only the left stellate ganglion was removed. 

Both patients reported here with Prinzmetal's 
variant angina also had repeated bouts of ven- 
tricular tachycardia. The purpose of combining 
neural ablation with coronary artery grafting 
was therefore twofold: first, to break the vaso- 
spastic reflex arc in the coronary arteries, and 
second, to prevent ventricular arrhythmias. 
Nordstrom and associates [31] recently reported 
the disappearance of ventricular tachycardia in 2 
patients with Prinzmetal’s angina and marked 
coronary artery disease who were treated with 
coronary artery grafting. Success in these 2 pa- 
tients suggests that the cause of the ventricular 
irritability was myocardial ischemia secondary 
to severe anatomical narrowing and not is- 
chemia secondary to spasm. On the other hand, 
ventricular tachycardia and fibrillation can also 
occur in patients with Prinzmetal’s angina and 
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isolated spasm of the coronary arteries [6]. 
Spasm was not demonstrated at angiography in 
the2 patients presented here, both of whom had 
significant coronary artery disease. 

There is no evidence that removal of the 
preaortic or pretracheal plexus can succeed in 
denervating the coronary arteries, and further- 
more, the effectiveness of cardiac sympathec- 
tomy cannot be clinically assessed unless the 
denervation is complete. Complete denervation 
cannot be achieved in man through practical 
operative procedures, however. Conversely, 
removal of the preaortic or pretracheal plexus is 
easily accomplished in the course of a ster- 
notomy for coronary artery grafting and, to our 
knowledge, has no danger or serious sequelae. It 
therefore may be carried out in patients with 
Prinzmetal's angina who on coronary angiog- 
raphy are seen to have severe organic narrow- 
ing, and it may be particularly indicated in those 
patients with superimposed spasm. As for pa- 
tients with this syndrome who have normal 
coronary arteries, with or without spasm, and 
who have intractable angina or ventricular ar- 
rhythmias, partial sympathetic denervation 
through unilateral (left) or bilateral removal of 
the stellate ganglion should perhaps be at- 
tempted. The effectiveness of this procedure 
could be assessed postoperatively in such pa- 
‘tients with ergotamine-induced spasm [7]. 
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The Twenty-fourth Annual Meeting of the 
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held at the Marco Beach Hotel, Marco Island, FL, 
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on the program, and residents. 
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cate, by June 1, 1977, to James E. Cousar, M.D., 
2700 Riverside Ave, Jacksonville, FL 32205. 
Abstracts should be double-spaced on one side 
of one sheet of paper, with a 1-inch left margin, 


and limited to 200 words. All slides used during 
the presentation must be 35 mm. The abstract 
must list a member as coauthor. Manuscripts of 
accepted papers must be submitted to The An- 
nals of Thoracic Surgery by October 15, 1977. 

Applications for membership should be com- 
pleted by September 1, 1977, and forwarded to 
James L. Alexander, M.D., 40 Medical Arts 
Center, Savannah, GA 31405. 


J. Kent Trinkle, M.D. 
Secretary- Treasurer 


Long-Term Follow-up of Internal 
Mammary Artery Myocardial Implantation 


John L. Ochsner, M.D., Patterson W. Moseley, M.D., Noel L. Mills, M.D., 


and P. Jeffrey Bower, M.D. 


ABSTRACT A study was made of 100 patients who 
had undergone internal mammary artery myocardial 
implantation 7 to 10 years previously. Forty-two pa- 
tients had single implantation with or without a free 
omental graft, and 54 received double implantations. 
Four patients had a single internal mammary artery 
implant plus a single aortocoronary bypass graft. 
Eleven patients died at operation or within the first 
month, and 17 died from 1 to 7 years following opera- 
tion. Two were lost to follow-up, and 15 refused 
follow-up angiograms. 

From 7 to 10 years postoperatively, angiographic 
studies were performed on 55 patients with 73 inter- 
nal mammary artery implants. Of these 73 implants, 17 
(23%) were occluded; 10 (14%) were patent but did 
not show myocardial filling; 15 (21%) showed myo- 
cardial blush or filling of small vessels; and 31 (4296) 
showed filling of a major coronary artery. The pa- 
tency rate correlated well with the amount of coro- 
nary disease and slightly with the amount of 
symptomatic improvement. 

This study shows that the Vineberg operation is 
physiologically sound; however, the ideal candidates 
are those patients with coronary arteries of adequate 
size who could benefit more by direct perfusion. 


Since the advent of direct bypass grafting of the 
coronary arteries, implantation of the internal 
mammary artery in the myocardium (Vineberg 
procedure) is no longer the primary operation 
for coronary artery occlusive disease. Short-term 
results with coronary bypass indicate that this 
procedure is superior to the Vineberg operation. 
However, as only a brief period has elapsed 
since its inception, comparison of long-term re- 
sults will be necessary to establish the procedure 
of choice. Several investigators [6, 7, 11] have 
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reported their experience 1 to 2 years after 
Vineberg operations, and others [2, 10, 13] have 
reported longer follow-up. 

This studv reports the clinical and angio- 
graphic findings in the first 100 consecutive pa- 
tients in whom internal mammary artery im- 
plantations were performed at the Ochsner 
Foundation Hospital 7 to 10 years previously. 
The patients were evaluated as to patency of 
graft, postoperative alterations of angina, need 
for medications, exercise tolerance, and electro- 
cardiographic findings. The long-term fate of 
the internal mammary artery implant in relation 
to the preoperative coronary angiograms was 
also evaluated. 


Methods 
One hundred patients received 156 internal 
mammary artery implants between the years 
1965 and 1969. The group consisted of 90 men 
and 10 women. The ages ranged from 34 to 72 
years; most of the patients were between 40 and 
60 years old, with the mean age being 51. The 
types of operations, which included single im- 
plant, double implant, or implant in combina- 
tion with a free omental graft, vein implant, or 
aortocoronary bypass, are shown in Table 1. 
Most of the operations were performed 
through a median sternotomy; however, early in 
the series several single implants were done 
through a standard left posterolateral thora- 
cotomy. The implants were placed in the 
usual manner; the anterior implant was placed 
parallel to the left anterior descending coronary 
artery, and the posterior implant, if needed, was 
positioned in a myocardial tunnel along the 
posterolateral aspect of the left ventricle. In 10 
patients an epicardiectomy and free omental 
graft were performed with a single internal 
mammary implant. 


Results 


Eleven deaths occurred in the first postoperative 
month for an operative mortality of 1196 (Table 
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Table 1. Operations Performed in 100 Patients 
Undergoing IMA Implantation 


No. of 

Operation Patients 
Single internal mammary implant. 32 
Single internal mammary implant 10 

and free omental graft 
Double internal mammary implant 54 
Single internal mammary implant 1 

and aorto—myocardial saphenous 

vein implant 
Single internal mammary implant 3 

and single aortocoronary bypass 

Total 100 


2). Four of these deaths occurred in patients with 
single implants and 7 in patients with double 
implants. The increased mortality rate for pa- 
tients with double implants probably reflects 
the severity of their disease more than any 
heightened risk of the operative procedure. 

Seventeen patients died from two months to 7 
years after operation. Two of these deaths were 
due to cerebrovascular accidents, 3 were from 
unknown causes, and the other 12 were due to 
cardiac causes, including myocardial infarc- 
tions, congestive heart failure, and arrhythmias. 
Thus the overall mortality rate for 7 years was 
28%; however, since 9 patients subsequently 
underwent aortocoronary bypass procedures, 
the long-term survival rate cannot be objectively 
evaluated in this study. 

The subjective reports of 70 patients regarding 


Table 2. Results in 100 Patients 7 to 10 Years after 
Vineberg Procedure 


Results Na. of Patients 
Deaths 28 
Hospital 11 
1 yr 8 
2 yr : 4 
3 yr 4 
7 yr 1 
Lost to follow-up 2 
Refused study 15 
Studied 55 
Total 100 


increase cr decrease of their angina were ob- 
tained by letter from their personal physician or 
by telephone conversation with the patient. The 
results are shown in Table 3. Greater exercise 
tolerance correlated well with the reported in- 
crease or decrease of angina, as did changes in 
the amount of medication needed. 

Fifty-five patients returned for cardiac 
catheterization studies from 7 to 10 years after 
operation (Table 4). A total of 73 internal mam- 
mary artery implants were studied in these pa- 
tients. Fifteen patients refused recatheterization 
because they felt healthy and saw no need for 
further study or therapy. The implanted arteries 
were patent in 56 of the 73 implants (77%) 6 or 
more years after operation. The subjective find- 
ings did not correlate well with the angiographic 
results; however, in patients with severe three- 
vessel disease, relief of angina seemed to corre- 
late more closely with patency of the implanted 
artery. 

Myocardial and coronary artery filling by an 
implant was correlated with the coronary an- 
giograms. The quality of the early coronary an- 


Table 3. Angina Reported by 70 Patients 7 to 10 
Years after Vineberg Procedure 


Single Double 
Angina Implant Implant Total 
None 17 21 38 
Occasional 8 12 20 
No change 2 5 10 
Worse 1 1 2 
Total 31 39 70 


Table 4. Angiographic Evaluation 7 to 10 Years 
after Vineberg Procedure 


Internal Mammary 
Arteries Studied 


Patency of Implant (73 in 55 patients) 


Occluded 17 (23%) 

Patent but no myocardial 10 (14%) 
filling 

Patent with myocardial blush 15 (21%) 

Patent with filling of one or 31 (42%) 


more major coronary arteries 
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giograms left much to be desired, and appar- 
ently the degree and extent of coronary artery 
obstruction were frequently misinterpreted. 
Hence there was improper selection of patients 
for the Vineberg operation. When the preopera- 
tive angiograms were of a quality that allowed 
precise determination of an area of myocardial 
hypoperfusion and the internal mammary artery 
was implanted in this area, excellent results 
were obtained. Good myocardial blush or filling 
of a coronary artery or both were found in 95% of 
the patients who fulfilled the criteria for opera- 
tion. Conversely, when restudy proved the pa- 
tients to have been improperly selected, none of 
the implants showed any blood supply to the 
heart. 

Improvement in resting or exercise elec- 
trocardiograms or both was evident in 16 pa- 
tients. In 15 of these patients the implants were 
patent and showed either a blush in the myocar- 
dium or filling of a major coronary artery. 


Comment 


Many factors are responsible for success with an 
internal mammary artery implant in terms of 
patency and development of collateral circula- 
tion. Vineberg [15] stated that the artery must 
have immediate runoff into myocardial 
sinusoids to maintain patency until establish- 
ment of anastomoses. Sewell and Davalos [14] 
held that the pressure differential between two 
vascular beds is the key to collateral formation. 
Piccone and colleagues [12] believed that the 
initial patency of myocardial arterial implants is 
not affected by the presence or absence of re- 
gional ischemia; however, they noticed that ret- 
rograde filing of the major coronary arteries 
occurred in vivo only in implants placed into 
ischemic myocardium. 

Patency per se has been shown to be less im- 
portant than flow through the implant into the 
myocardium. Barner and co-workers [3] em- 
phasized that cineradiographic patency of an 
internal mammary implant does not necessarily 
indicate a significant flow of blood. Nor does it 
follow that if there is adequate flow, the flow is 
contributing greatly to ventricular performance. 
Case and associates [4] pointed out that internal 
mammary artery implantation into the myocar- 
dium is likely to increase collateral flow only 


when the implant is placed in a region that has 
arterial stenosis of at least 90% and that already 
contains collateral vessels. Our study confirms 
that results are excellent when an implant is 
placed in an ischemic area and dismal when it is 
not. The implants were patent in 95% of the 
patients when the myocardium was supplied by 
left anterior descending and circumflex coronary 
arteries with greater than 75% stenosis. In com- 
parison, the implants were patent in only 25% of 
the patients when there was less than 75% 
stenosis. 

Other investigators [1, 13] have not been able 
to correlate relief of angina with patency of the 
implant. We also found symptoms to be an unre- 
liable indicator of graft patency except in one 
group, the patients with severe triple-artery dis- 
ease. In these patients, relief of angina was a 
fairly good indication of graft patency. 

Whether internal mammary artery implants 
increase life expectancy is a matter of debate. 
Diethrich and co-workers.[5] compared a group 
of patients receiving internal mammary artery 
implants with a group of controls with similar 
coronary disease patterns. The survival was 70% 
in patients operated on (taking operative deaths 
into account) and 58% in patients not operated 
on. Sethi and associates [13] found no increase 
in survival in their surgically treated patients 
compared with published survival curves in pa- 
tients with known angina pectoris and no opera- 
tion. Gorlin and Taylor [8] reported a 5096 reduc- 
tion in the occurrence of myocardial infarction 
in patients with internal mammary artery im- 
plantation compared with controls who had 
similar coronary artery disease. 

The experience with 1 of our patients proves 
that an internal mammary-coronary implant 
can supply enough blood flow to the myocar- 
dium to maintain its viability. This patient had a 
double implant with early relief of symptoms 
but with return of angina 21⁄2 years later. An- 
giograms at that time revealed complete occlu- 
sion of the right coronary artery and what were 
thought to be nonfunctioning implants. Revas- 
cularization by aright aortocoronary bypass was 
elected. During sternotomy, one of the implants 
was accidentally severed, and the heart im- 
mediately fibrillated. Attempts to defibrillate 
were unsuccessful, and the patient died. Post- 
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Injection of internal mammary implant revealing 
opacification of all major coronary arteries and even 
retrograde filling of the right bypass graft. 


mortem inspection of the severed implant re- 
vealed opacification of all major coronary ar- 
teries and even retrograde filling of the other 
bypass graft (Figure). Dr. Donald B. Effler of 
Cleveland told us of a similar case in his practice. 
Kassebaum and associates [9] reported that 
improved cardiac function could be shown elec- 
trocardiographically in patients with patent im- 
plants. In their study, the ECG response to 
hypoxemia and exercise was not changed in 
83% of patients having occluded implants, 
whereas a normal stress ECG was seen in all 
patients with angiographically proved revas- 
cularization. In our group, 16 patients showed 
improvement in resting or exercise ECGs. In all 
patients except 1, this correlated with angio- 
graphically proved revascularization. 
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Editor's Note 


This is good study of an area still lacking adequate 
data—the delivery of blood to the myocardium by the 
implanted internal mammary artery. The poor corre- 
lation between symptomatic benefit and angio- 
graphic demonstration of flow is worth reemphasis. 
The excellent patency rate achieved when an internal 
mammary artery implant was put into a demonstrably 
ischemic area is new information. 


Angiocardiography in 


Congenital Subvalvular Aortic Stenosis: 
Prognosis and Operative Indications 
J. C. Hoeffel, M.D., L. Gengler, M.D., M. Henry, M.D., 


and C. Pernot, M.D. 


ABSTRACT Twenty-three patients with congenital 
subvalvular aortic stenosis are reviewed. The impor- 
tance of classifying this stenosis into four types based 
on angiocardiographic findings is stressed, as are the 
indications for left heart catheterization during the 
preoperative and postoperative course of the disease. 
The type of congenital subvalvular aortic stenosis 
should be an important consideration during the dis- 
cussion of operative indications in both asymptoma- 
tic and symptomatic patients. 


Angiocardiography is of prime interest in the 
diagnosis of subvalvular aortic stenosis. It per- 
mits a correct diagnosis, contributes to better 
evaluation of operative indications, and helps to 
determine the prognosis, which is better in 
types I and II of the angiocardiographic 
classification of Deutsch and associates [10]. 

The discrete subvalvular stenoses include not 
only membranous diaphragmatic narrowing 
and fibrotic ring, which are well localized, but 
also more diffuse stenoses of the left ventricular 
outflow tract such as fibromuscular and tunnel- 
like stenosis [10]. These subvalvular aortic 
stenoses are distinct from the hypertrophic 
obstructive cardiomyopathy known as 
idiopathic hypertrophic subaortic stenosis. 
However, hypertrophic cardiomyopathy of the 
left ventricle may be associated with discrete 
subvalvular aortic stenosis. 


Material and Methods 

Congenital subvalvular aortic stenosis was 
evaluated in 23 patients ranging in age between 
315 and 52 years with an average age of 157/2 
years. Among our 23 patients, 21 were studied 
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by the Seldinger technique using the femoral 
artery in 15 and the right axillary artery in 6. 
Twenty patients had right heart catheterization 
and angiography. Two patients had right heart 
catheterization only, and the diagnosis was es- 
tablished from definite angiographic findings in 
the presence of typical clinical signs of aortic 
stenosis. As often as possible, several routine 
views were obtained: anteroposterior and lat- 
eral left ventriculograms as well as aortograms 
or, preferably, cineaortograms in anteropos- 
terior or lateral views. 

Left ventriculography is the basic view for the 
left ventricle and the subvalvular area. In most 
cases this technique was diagnostic. The cine 
technique is interesting for showing valve mo- 
tion and associated hypertrophic car- 
diomyopathy. Aortography or cineaortography 
frequently demonstrates aortic incompetence 
and allows transient filling of a small subvalvu- 
lar pouch. The best technique is direct injection 
into the pouch, as described by Schaffer and 
colleagues [33], in which the catheter is posi- 
tioned under fluoroscopy using pressure control 
(Fig 1). Pressure recordings are routinely per- 
formed in the left ventricle and the aorta. 

Left heart catheterization is useful for many 
reasons, diagnosis of the type of stenosis and of 
associated anomalies as well as hemodynamic 
survey of the stenosis being two major ones. 
Catheterization is done in asymptomatic chil- 
dren essentially in three situations: poor correla- 
tion between the clinical and electrocardio- 
graphic course and the hemodynamic findings 
[8, 22, 30, 36]; progressively worsening hemo- 
dynamic status [8, 13, 17, 36]; and secondary 
development of hypertrophic obstructive car- 
diomyopathy of the left ventricle [4, 9]. We agree 
with Friedman and Pappelbaum [17] that hemo- 
dynamic and angiographic follow-up studies 
should be made every five to eight years in an 
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asymptomatic patient with congenital valvular 
or subvalvular aortic stenosis. 

In children with symptomatic aortic stenosis, 
even with a stable clinical course, the follow-up 
catheterization should be carried out at short 
intervals. The hemodynamic follow-up study 
should be backed by a clinical and electrocar- 
diographic survey both at rest and during exer- 
cise. With worsening of the clinical course or 
electrocardiographic picture, preoperative left 
heart catheterization should be carried out. 
Spontaneous deterioration occurs frequently 
and was seen in 10 of 14 patients with an average 
follow-up of three years, five months. 

Early postoperative follow-up with left heart 
catheterization in the first six months shows the 
operative result on the aortic stenosis. Left heart 
catheterization 24 months after operation better 
evaluates regression of a possibly associated 
obstructive hypertrophic cardiomyopathy of the 
left ventricle. Late follow-up catheterizations are 
considered depending upon the clinical and 


Fig 1. Anteroposterior view after direct injection into 
the subvalvular pouch with a straight catheter 
demonstrates valve leaflets (small arrows), 
subvalvular pouch, linear membranous diaphragm 
(type I) (large arrow), and slight reflux into the left 
ventricular cavity. 





electrocardiographic course. Currently, early 
postoperative results in our patients are known, 
but the long-term prognosis is more uncertain. 
A recent hemodynamic survey by Wagner and 
associates [36] indicated definite long-term wor- 
sening in the 3 patients reported. 

Late follow-up catheterization is advisable 
four to six years after operation or even later, as 
suggested by Friedman and Pappelbaum [17], in 
valvular aortic stenosis that has been treated 
surgically. 


Angiographic Results 

As anatomical material has shown [1, 5, 6, 21, 22, 
32], there are different types of subvalvular aor- 
tic stenosis. Deutsch and co-workers [10] 
classify the anomaly into four angiocardio- 


graphic types: 


Type I. Subvalvular stenosis with a membran- 
ous diaphragm, the classic variety of discrete 
subvalvular stenosis and also the most fre- 
quent type (13/23 patients) 

Type II. Fibrotic ring subvalvular stenosis, seen 
as a thick, annular fibrous band located at a 
greater distance below the aortic valve (6 pa- 
tients) 

Type III. Subvalvular fibromuscular nonannular 
stenosis, seen as subvalvular fibrous strands 
and muscular polypoid masses (3 patients) 

Type IV. Tunnellike subvalvular stenosis that 
presents as an irregular, fixed stenosis of the 
entire outflow tract of the left ventricle (1 pa- 
tient) 


On angiograms the membranous diaphragm 
in type I is usually very thin and is found 1 to 10 
mm below the aortic valve (Figs 1, 2). Sometimes 
the diaphragm is located immediately below the 
valve and is difficult to detect. In type II the ring 
is seen as a transverse band in the outflow tract 
and is 2 to 3 mm thick. It differs from the mem- 
branous diaphragm because of its greater thick- 
ness and increased distance from the aortic valve 
(Fig 3). Type III stenosis is characterized by 
small, polypoid, muscular masses or by small, 
irregular, fibrous ridges obstructing the outflow 
tract below the aortic valve. The subvalvular re- 
gion is more diffusely and irregularly involved 
by marginal filling defects. Type IV stenosis 
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Fig 2. Anteroposterior left ventriculogram shows a 
subvalvular diaphragm (type I) (arrow) and 
incomplete valve opening; obstructive hypertrophic 
cardiomyopathy of the left ventricle is present with 
marked midventricular stenosis in systole and 
hypertrophy of the papillary muscles (obstructive 
only after isoproterenol infusion). 


shows varying degrees of tightness with a cen- 
tral or eccentric channel during systole and dias- 
tole. In spite of its extensive character, the 
stenosis was seen only in the lateral view during 
left ventriculography in our patient. Aortic valve 
abnormalities (sinus of Valsalva, bicuspid 
valve) are frequently associated with type IV 
stenosis [32]. 

Other angiographic findings may be seen. 
The subvalvular pouch, situated between the 
aortic valve and the stenosis, is opacified during 
left ventriculography—and also sometimes dur- 
ing aortography—because of aortic regurgita- 
tion. It is best shown by the technique of Schaf- 
fer and associates [33] (see Fig 1). This pouch is 
larger in the type II defect than in type I. Type III 
stenosis shows mainly marginal filling defects 
associated with a fibrous ridge. The subvalvular 
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Fig 3. Anteroposterior left ventriculogram shows a 
thick band 3 cm below the aortic valve (arrows) with 
a large subvalvular pouch (type II). 


jet described by Lundquist and Amplatz [25] in 
1965 is similar to the valvular jet of valvular 
aortic stenosis. During aortography or left ven- 
triculography it is seen in the ascending aorta, 
but more eccentrically than in valvular stenosis. 
The “membranous” jet, which was seen in 9 of 
13 patients having aortography or cineaortog- 
raphy, shows regurgitation of contrast material 
through the subvalvular stenosis during dias- 
tole. The membranous and subvalvular jets de- 
scribed by Lundquist and Amplatz are not seen 
in hypertrophic obstructive cardiomyopathy of 
the left ventricle and consequently are valuable 
in the differential diagnosis. 

Other angiographic signs may also be pres- 
ent, such as poststenotic dilatation of the as- 
cending aorta, usually slight to moderate, seen 
in 17 patients out of the 23; associated valve 
anomalies involving either configuration (deep 
aortic valve leaflets) or texture (thickened valve 
leaflets); aortic regurgitation [2, 10, 23, 24], seen 
in 11 of 13 aortographies or cineaortographies; 
and left ventricular hypertrophy, which is found 
frequently. 
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During the angiocardiographic workup one 
should look for associated cardiovascular 
anomalies. Associated anomalies (hypertrophic 
cardiomyopathy, frequently obstructive; valvu- 
lar aortic stenosis; patent ductus arteriosus; ven- 
tricular septal defect; coarctation of the aorta) 
were present in 17 of the 23 patients (74%). A 
high frequency has been reported by many au- 
thors, varying from 25 to 58% [2,6, 10, 25, 26, 28, 
31]. The importance of associated hypertrophic 
cardiomyopathy, whether obstructive or 
nonobstructive during hemodynamic studies, 
should be stressed (see Fig 1). The obstructive 
pattern of these cardiomyopathies has been re- 
ported by others [4, 14, 17, 32, 34]. Associated 
stenoses in the valvular or supravalvular aorta 
may be responsible for surgical difficulties (Fig 
4). 


Fig 4. Anteroposterior and lateral left 
ventriculograms in a patient with multiple stenoses, 
including type II subvalvular aortic stenosis (large 
arrow) and valvular stenosis with systolic doming 
(small arrows); also seen are coarctation of the aorta 
and marked papillary muscle hypertrophy in the 
lateral view. 


Operative Indications 

The decision to operate must take into account 
the clinical and electrocardiographic findings, 
the severity of hemodynamic problems, and the 
angiocardiographictype of congenital subvalvu- 
lar aortic stenosis. The postoperative prognosis 
appears to differ for each of the four angio- 
graphic types. Types I and II are localized 
stenoses formed by a diaphragm or a well- 
defined fibrotic band. Resection gives good 
operative results, at least when there is one 
single aortic stenosis [10, 12]. Types III and IV, 
which involve the outflow tract more diffusely, 
present more surgical difficulties, as we experi- 
enced with 2 of our patients. Less favorable re- 
sults have been reported with these types [10, 
22, 31, 32] 


Asymptomatic Subvalvular Aortic Stenosis 


In the absence of clinical signs and left ventricu- 
lar strain on the electrocardiogram, operation is 
indicated when the peak systolic gradient is 
more than 50 mm Hg, in the opinion of Braun- 
wald [6], DuBost [11], McGoon [26], Cohen [8], 
and Frank [16] and their colleagues. Shariat- 
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zadeh and co-workers [34] and Friedman and 
Pappelbaum [17] require higher systolic gra- 
dients in an asymptomatic stenosis: 60 to 70 mm 
Hg and 75 mm Hg, respectively. 

SINGLE SUBVALVULAR AORTIC STENOSIS. In 
types I and II it is reasonable to advise operation 
when the peak systolic gradient is more than 50 
mm Hg. An early operation may prevent jet le- 
sions of the aortic valve and left ventricular 
obstructive hypertrophic cardiomyopathy. 
With the more diffuse subvalvular stenoses of 
type III or IV, a peak systolic gradient of 50 mm 
Hg in an asymptomatic stenosis is not sufficient 
to justify operation because the surgical risk is 
higher and resection of the subvalvular stenosis 
is frequently incomplete. In type IV stenosis 
with an intraventricular systolic gradient [14], 
the peak systolic gradient should be at least 75 
mm Hg before operation is considered. For tun- 
nellike stenosis with a valvular or undetermined 
peak systolic gradient [14], operation is not ad- 
visable, given the current state of cardiovascular 
surgical experience. 

Besides the peak systolic gradient, it is impor- 
tant to take into account the area of the stenosis 
in relation to total body-surface area, as pro- 
posed by Cayler [7]. Some, like Braunwald and 
colleagues [6] or Friedman and Pappelbaum 
[17], consider an effective aortic orifice less than 
0.5 cm?/m? large enough for operation to be per- 
formed. This usually correlates with peak sys- 
tolic gradients above 50 mm Hg. Others, like 
Hancock and Fleming [15], Cayler [7], and Frank 
and associates [16], recommend 0.7 cm?/m*. 

MULTIPLE AORTIC STENOSES. If there are two 
or three associated fixed stenoses, operation is 
indicated when the peak systolic gradient is 
more than 75 mm Hg. In fact, the gradient of 
each single stenosis is less than this, and opera- 
tion may be hemodynamically ineffective unless 
one of the stenoses is severe. 

Operation is very satisfactory in ““dumbbell” 
supravalvular aortic stenosis [19, 35]. However, 
in supravalvular stenosis of the hypoplastic 
variety (type Ia of Kurlander and colleagues 
[23]), the prognosis is more uncertain. 

With associated aortic valvular stenosis, two 
anatomical and angiocardiographic types are 
distinguished. When the valvular and subvalvu- 
lar stenoses are well localized, without hypo- 


plasia of the left ventricular outflow tract, opera- 
tion is indicated if the peak systolic gradient is 
over 75 mm Hg. When the valvular and subval- 
vular stenoses are associated with a hypoplastic 
valve ring and a hypoplastic left ventricular out- 
flow tract, operation is much more difficult and 
the prognosis is often poor. This latter type of 
multiple stenosis has been described by Fisher 
and co-workers [14] and Friedman and Pappel- 
baum [17] as "tunnel stenosis." Operation 
should be limited to patients with poorly toler- 
ated stenosis. In the exceptional case of asso- 
ciated subvalvular, valvular, and  supra- 
valvular stenosis, operation is limited to poorly 
tolerated stenoses because of operative difficul- 
ties [26]. 

When subvalvular aortic stenosis is associated 
with obstructive hypertrophic cardiomyopathy 
of the left ventricle, which has been frequently 
seen in our experience, operative evaluation 
should take into account the increasing severity 
of the cardiomyopathy but also its possible 
spontaneous regression following surgical re- 
section of the subvalvular or valvular stenosis 
[14, 17, 32]. Operation can thus be recom- 
mended for smaller peak systolic gradients of 40 
to50 mm Hg. Operation is particularly indicated 
if the peak systolic gradient of the car- 
diomyopathy increases during isoproterenol in- 
fusion. 


Poorly Tolerated Subvalvular Aortic Stenosis 


Clinical symptoms such as angina, syncope, ex- 
ertional dizziness, and asystole indicate the 
need for early or possibly emergency operation. 
Peak systolic gradients are usually higher than 
50 mm Hg, and the valvular surface area is small. 
Exertional dyspnea or fatigue without rapid 
worsening is not by itself an indication for oper- 
ation. However, a peak systolic gradient above 
50 mm Hg and a valvular surface area less than 
0.7 cm?/m? favor operation. The presence of car- 
diomegaly on plain chest roentgenograms is a 
definite indication for operation [12]. Car- 
diomegaly is a sign of cardiac decompensation 
since congenital aortic stenosis usually does not 
show cardiomegaly. A left ventricular strain pat- 
tern on the electrocardiogram is also definite 
reason for operation. To Friedman and Pappel- 
baum [17], operation is indicated only when the 
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peak systolic gradient is more than 50 mm Hg 
and the valvular surface area is less than or equal 
to 0.7 cm?/m*. A positive exercise test may defi- 
nitely indicate operation in a patient who has 
moderately severe aortic stenosis with a peak 
systolic gradient of 40 to 50 mm Hg. 

With severe clinical and electrocardiographic 
findings. it is less important to consider the an- 
giographic type because the risk of sudden 
death is greater than the operative risk. Never- 
theless, the benefit of palliative surgical treat- 
ment in type IV stenosis with a valvular or unde- 
termined peak systolic gradient is doubtful 
since operation appears not to improve this type 
of stenosis significantly. 


Associated Heart Disease 


In patients who have associated cardiac disease, 
coarctation of the aorta and patent ductus ar- 
teriosus are usually treated first and aortic 
stenosis is dealt with during a second operation. 
Closure of a left-to-right shunt such as a patent 
ductus arteriosus may improve the aortic 
stenosis by reducing pulmonary venous return 
to its normal value. An atrial or ventricular sep- 
tal defect, valvular aortic stenosis, or left ven- 
tricular hypertrophic cardiomyopathy is treated 
during the same operation. In hemodynamically 
significant valvular or infundibular pulmonary 
stenosis, simultaneous operation for the aortic 
and pulmonary stenosis seems preferable. 
This avoids an imbalance of pulmonary and aor- 
tic output in the postoperative phase [11, 27]. 


Conclusion 


Angiocardiographic classification of congenital 
subvalvular aortic stenosis is justified by the 
anatomical, surgical, and angiographic pattern. 
Angiocardiography is fundamental to evalua- 
tion of operative indications and for determin- 
ing prognosis, which seems favorable in types | 
and II, whereas in types III and IV the benefit of 
operation is much more doubtful. 
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Takedown and Reconstruction 
of Cavopulmonary Anastomosis 
John Rohmer, M.D., Jan M. Quaegebeur, M.D., 


and A. Gerard Brom, M.D. 


ABSTRACT 
vious Glenn anastomosis at the time of repair was 


Takedown and reconstruction of a pre- 


performed in 1 child with pulmonary atresia and ven- 
tricular septal defect and in3 children with transposi- 
tion of the great arteries, ventricular septal defect, 
and pulmonary stenosis. All 4 survived and showed 
excellent clinical results. The surgical technique and 
postoperative hemodynamic and lung scintigraphic 
data are presented. 


In the past, superior vena cava-right pulmonary 
artery anastomosis has been used for palliation 
in some patients who had congenital heart dis- 
ease with cyanosis and diminished pulmonary 
blood flow. This procedure, known as the Glenn 
operation, was considered a definitive opera- 
tion and was therefore used in situations not 
believed to be amenable to corrective operation 
such as tricuspid atresia, Ebstein's anomaly, 
pulmonary atresia, and transposition of the 
great vessels with ventricular septal defect and 
pulmonary stenosis. Less frequently, the Glenn 
procedure was performed in patients with te- 
tralogy of Fallot. Follow-up studies of patients 
with a Glenn operation indicate that one or more 
of the following undesirable sequelae may oc- 
cur: manifest or latent superior vena cava syn- 
drome, sluggish and uneven perfusion of the 
right lung, thrombotic occlusion of right lung 
vessels, and development of venous channels 
between the superior and inferior vena cava, 
allowing for major runoff of blood bypassing the 
right lung [1, 2, 5, 8, 12, 14]. Obviously, the right 
lung—being inadequately perfused in these 
patients—does not contribute a great deal to gas 
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exchange. In a number of patients with these 
anomalies corrective operation can now be car- 
ried out, and the question arises how the Glenn 
anastomosis should be dealt with. Attempts to 
correct the basic lesion in patients with a previ- 
ous Glenn anastomosis have been published. In 
some patients the cava-pulmonary artery shunt 
was left intact, which places the patient in an 
undesirable situation in view of the problems 
just described [2, 4, 8, 11]. In others, because of 
the presence of large venous channels that al- 
lowed for almost unobstructed runoff of blood 
from the superior to the inferior vena cava [13], 
the right pulmonary artery was reanastomosed 
to the main pulmonary artery without reestab- 
lishing continuity between the superior vena 
cava and right atrium. 

A recent report by Pacifico and Kirklin [9] 
clearly demonstrates the feasibility of repairing 
complex congenital cardiac malformations, in- 
cluding successful takedown of the Glenn anas- 
tomosis, thus reestablishing patency between 
right and main pulmonary arteries and between 
superior vena cava and right atrium as well. This 
report describes 4 patients with special attention 
to the postoperative evaluation, which com- 
prises angiocardiographic, hemodynamic and 
lung scintigraphic data not yet available in the 
literature. Lung scintigraphy in these patients is 
of particular interest since this simple technique 
provides information on the relative perfusion 
of both lungs after repair. 


Patients 


Between May and November, 1975, 4 children 
with previous cava-pulmonary shunts were op- 
erated on. They were severely handicapped and 
showed marked cyanosis. One patient had pul- 
monary atresia. A Potts procedure had been per- 
formed at the age of 1 year and the Glenn opera- 
tion at age 4. At the age of 12 years, marked 
pulmonary hypertension in the left pulmonary 
artery was demonstrated at cardiac catheteriza- 
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tion. The other 3 patients had transposition of 
the great vessels with ventricular septal defect 
and pulmonary stenosis. In 2 of them a 
Blalock-Hanlon anastomosis was performed 
along with the Glenn operation. At the time of 
repair all 4 patients were markedly cyanotic and 
severely handicapped, with increasing fatigue 
and headaches. Progressive polycythemia was 
evident even though the Glenn shunt remained 
patent in all 4. Their hemoglobin concentrations 
ranged from 17.2 to 19.5 gm/100 ml and the 
hematocrit values from 49 to 6896. Relevant data 
on these patients are presented in Tables 1 and 2. 


Surgical Technique 


The operation was performed through a midline 
sternotomy. Dissection of the extensive adhe- 
sions was carried out as far as possible before 
bypass was started. Only the adhesions at the 
site of the Glenn anastomosis were dealt with 
while the patient was on bypass. 

Preparation for cardiopulmonary bypass was 
made in the following way. 


1. When a large atrial communication was pre- 
sent (previous Blalock-Hanlon anastomosis), 
only the ascending aorta and right atrium 


Table 1. Diagnosis, Age, and Type of Operation in the 4 Patients 





Patient Age at Glenn Age at 
No. and Sex Diagnosis Operation (yr) Type of Correction? Repair (yr) 
1, M PAA + Potts 4 Closure of Potts, 12 
closure of VSD, 
valved prosthesis RV-PA 
2, M IGA 4 VSD + PS 2 Enlargement of VSD, 12 
Rastelli procedure 
9, F TGA + VSD + PS 5” Resection of PS, 13 
closure of VSD, 
Mustard procedure 
4,F TGA + VSD + PS a” Resection of PS, 10 


closure of VSD, 
Mustard procedure 


*In all patients the cava—pulmonary artery anastomosis was taken down. 
^A Blalock-Hanlon operation was performed at the same time. 


PAA = pulmonary artery atresia; VSD = ventricular septal defect; RV = right ventricle; PA = pulmonary artery; TGA = 


transposition of the great arteries; PS = pulmonary stenosis. 


Table 2. Preoperative and Postoperative Catheterization Data in the 4 Patients 








Patient 1 Patient 2 Patient 3” Patient 4 

Preop Postop Preop Postop Preop Preop Postop 
Cathe- O: O: O, O, O: O; O: 
terization P Sat P Sat r Sat P Sat P Sat P Sat P Sat 
Site (mm Hg) (%) (mm Hg) (%) (mm Hg) (%) (mm Hg) (%) (mm Hg) (%) (mm Hg) (%) (mm Hg) (%) 
SVC 69 11 74 6 14 
IVC 68 9 65 62 6 71 68 12 50 
RA 5 68 9 72 1 62 5 z 68 4 76 12 54 
LA 7 95 6 95 
RV 100/1-4 82 85/0-15 75 130/0-5 63 75/0-8 90/0—6 90 90/0-7 88 
LV 130/0-5 89 110/0-10 70/0-4 90/0-10 94 60/0-2 54 
PA 80/40 80 30/10 75 25/6 30/10 92 30/8 91 30/10 59 
Ao 120/70 80 125/60 96 115/60 73 100/65 90/60 89 110/70 B6 120/65 94 
Graft” 50/0 50/0 


*No postoperative catheterization was done. 
"Pressure measured between RV and Hancock valve. 








SVC = superior vena cava; IVC = inferior vena cava; RA = right atrium; LA = left atrium; RV = right ventricle; LV = left ventricle; PA = pulmonary artery; Ao aorta. 


r 
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were cannulated. In this situation the blood 
traversing the Glenn anastomosis is ade- 
quately drained into the right atrium. 

2. Naturally, when only asmall or no defect was 
present, the left atrium was drained from the 
beginning. 

3. In Patient 1 (pulmonary atresia, small atrial 
septal defect), as there were very few adhe- 
sions, the caval veins were directly cannu- 
lated; the left atrium was vented as well. 


Cardiopulmonary bypass was started and pro- 
found hypothermia induced (nasopharyngeal 
temperature, 20°C). In the meantime the Glenn 
anastomosis was dissected. The right atrial can- 
nula was pushed into the inferior vena cava, 
extracorporeal circulation was stopped, and re- 
construction of the Glenn anastomosis was be- 


Fig 1. Takedown and reconstruction of Glenn 
anastomosis in Patient 2. A Dacron tube bridges the 
gap between the right atrium and superior vena 
cava. The pulmonary artery is disconnected from the 
left ventricle. 


gun. The distal right pulmonary artery and 
superior vena cava were mobilized after the 
anastomosis was transected, and the right pul- 
monary artery was connected to the main pul- 
monary artery. It was not possible to perform an 
end-to-end anastomosis, and interposition of a 
Dacron tube was necessary in all patients. 
Cavoatrial continuity was restored by direct 
anastomosis in 3 patients; a Dacron tube was 
needed in 1. 

A superior vena cava cannula was inserted 
through a second atrial pursestring suture and 
passed beyond the cavoatrial anastomosis. Car- 
diopulmonary bypass was restarted and the 
basic cardiac defect was repaired (see Table 1). 
Figures 1 and 2 illustrate the surgical approach 
in 2 patients. 


Results 


All 4 patients have greatly benefited from the 
operation and enjoy normal lives, for the first 
time actively participating in sports. Physical 
examination shows that cyanosis and clubbing 
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Fig 2. (A) End result in Patient 2. The ventricular 
septal defect had to be enlarged in order to prevent 
subaortic stenosis. (B) The result in patient 1. The left 
pulmonary artery was widened at the site of the 
previous Potts anastomosis with a small patch of 
pericardium in order to prevent left pulmonary 
artery stenosis. 


have disappeared. There is no engorgement of 
the neck veins. They still have an ejection mur- 
mur, presumably from residual pulmonary 
stenosis (see Table 2). Hemoglobin and he- 
matocrit values are normal. The electrocardio- 
gram demonstrates sinus rhythm in all 4, and 
on roentgenological examination the heart size 
has remained unchanged after operation: it is 
normal in 1 (Patient 2) and only moderately in- 
creased in the other 3. 

At cardiac catheterization (see Table 2), done 
two weeks postoperatively in all patients except 
No. 3, the newly created anastomoses were all 
found to be patent. Pressure differences, if any, 
were minimal. Angiocardiography was per- 
formed in all patients, with injection of contrast 
medium into the superior vena cava. The con- 
trast material was seen to pass readily from the 
superior vena cava into the right atrium and 
from the main pulmonary artery into both lungs. 

Lung scans demonstrated the following 
right-to-left lung ratios in the 4 patients: 65/35, 
45/55, 43/57, and 40/60, respectively. In all pa- 
tients except No. 3, in whom no preoperative 
pulmonary scan was performed, the lung scin- 
tigrams demonstrated more homogeneous per- 
fusion of the right lung compared with the 
preoperative scintigrams (Fig 3). 


Comment 


Direct cannulation of both caval veins has some 
advantages for this type of repair. First, the cir- 
cuit does not need to be changed during the 
operation. More important, when the decision 
is made to perform a Mustard repair after the 
ventricular septal defect has been explored, the 
surgeon is not hindered by the intraatrial posi- 
tion of the venous cannulas. Reconstruction of 
the right pulmonary artery by direct anas- 
tomosis was impossible in all patients. The 
Glenn operation was always done in an end-to- 
end fashion, and this might be responsible for 
the large distance between the right and main 
pulmonary arteries. So far, the use of Dacron 
tube grafts in this position has not been a source 
of complications. In 1 patient the repair was 
facilitated by bringing the Dacron tube between 
the right and left pulmonary arteries anterior to 
the aorta (see Fig 2B). This technique has been 
described in patients with pseudotruncus ar- 
teriosus [10]. In restoring cavoatrial continuity, 
a direct anastomosis is desirable. Therefore, 
when the cavopulmonary shunt is being tran- 
sected, a short distance from the right pulmonary 
artery is "stolen" in order to provide sufficient 
length for the cavoatrial reconstruction. In 1 pa- 
tient (No. 2) only, we were forced to use pros- 
thetic material for this purpose. Clinically, the 
anastomosis is functioning well one year post- 
operatively. 

Treatment with anticoagulants was started on 
the first or second postoperative day, as soon as 
drainage from the chest tubes had stopped. AII 
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Fig 3. Lung scans in Patient 1 (see Table 1), 
performed in a posteroanterior view. (A) 
Preoperative picture after injection of radioactive 
material into an arm vein. Notice the relative 
hypoperfusion of the right upper lobe and the slight 
uptake in the left lung caused by runoff through 
venous channels from superior vena cava to inferior 
vena cava and from there through the intracardiac 
pathway to the aorta and left pulmonary artery. (B) 
Preoperative picture after injection into a leg vein. 
Notice filling of the right upper lobe through 
collateral arteries coming off the aorta. (C) 
Postoperative picture after injection into an arm 
vein. Notice the relative hypoperfusion of the left 
lung due to increased pulmonary vascular resistance 
in the left lung. The right lung is more homogenously 
perfused compared with the preoperative situation 
shown in A. 


patients received anticoagulants for three 
months postoperatively. We do this not so much 
to prevent thrombosis, but because we think 
that the neointimal layer is smoother and thin- 
ner when the patient is given anticoagulants. 
This period seems to be sufficient for the 
prosthetic material to become completely cov- 
ered by endothelium; anticoagulation was then 
discontinued. 

Clarke [3] and Furuse [6] and their co-workers 
demonstrated experimentally augmentation of 
the pulmonary blood flow in a pulsatile regimen 
in comparison with a nonpulsatile one. From the 
preoperative and postoperative lung scans it 
could be deduced that restoration of pulsatile 
flow was responsible for more homogeneous 
perfusion of the right lung. The region of the 
upper lobe in particular, which is perfused less 
through the Glenn shunt, seems to receive more 
blood (see Fig 3). 

Lung scans of patients without cardiovascular 
disease show right-to-left lung ratios of 55/45. In 
3 of our patients the right lung received 40 to 
45% of the injected radioactive material post- 
operatively. This, in our opinion, is a satisfac- 
tory value. The striking right-to-left ratio in Pa- 
tient 1, 65/35, can be explained by assuming that 
pulmonary hypertension in the left lung had led 
to structural changes with a concomitant in- 
crease in pulmonary vascular resistance. A simi- 
lar finding has recently been reported [7]. It will 
be interesting to see whether lung scans madeat 
a later date in these patients will show any 
changes from early postoperative right-to-left 
ratios, and in what direction. 
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Coronary Obstruction 


Secondary to Direct Cannulation 


Surendra K. Chawla, M.D., Hassan Najafi, M.D., 
Hushang Javid, M.D., and Cyrus Serry, M.D. 


ABSTRACT Four 
obstruction of the proximal left main coronary artery 
that developed following prosthetic replacement of 
the aortic valve. Angina pectoris and ventricular ar- 
rhythmias were the presenting clinical manifesta- 
tions. Anterior descending coronary artery bypass 
was used in 3 of the patients and vein patch angio- 
plasty in the fourth. One patient died in the hospital. 
The3 survivors achieved relief from angina and ven- 
tricular arrhythmias. One patient died from ne- 
phropathy 212 years later. Two patients remained 


patients are reported with 


asymptomatic 11⁄2 and 3 years later, respectively. 

This review emphasizes the need for prompt coro- 
nary angiography in patients experiencing angina 
pectoris after aortic valve replacement, and it shows 
that coronary revascularization can be performed 
with satisfactory results. 


latrogenic coronary artery obstruction following 
prosthetic aortic valve replacement and ex- 
tracorporeal coronary perfusion has been re- 
ported by several authors [3, 7, 8]. Severe angina 
pectoris, ventricular arrhythmias, congestive 
heart failure, and sudden death following aortic 
valve replacement have renewed interest in this 
pathological process. This report concerns 4 pa- 
tients with previously normal coronary arteries 
who developed stenosis of the proximal left 
main coronary artery as a late complication of 
heart valve operation. Aortic valve replacement 
constituted the common feature of the opera- 
tions performed in these patients. 


Patient 1 


A 30-year-old woman underwent triple-valve 
replacement using Starr-Edwards prostheses in 
1966. An uncomplicated coronary perfusion at 
100 to 120 mm Hg pressure was employed dur- 
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ing approximately two hours of aortic cross- 
clamping. The left coronary artery was perfused 
using a Spencer Silastic catheter. The right coro- 
nary artery was perfused using a King self- 
inflating catheter. She made an uneventful re- 
covery. 

Eight months postoperatively the patient de- 
veloped acute and persistent angina pectoris. 
An electrocardiogram showed severe myocar- 
dial ischemia. Her initial course was compli- 
cated by an episode of ventricular fibrillation. 
Following resuscitation she underwent emer- 
gency cardiac studies that revealed normally 
functioning prostheses and the unantici- 
pated finding of severe obstruction of the prox- 
imal left main coronary artery. A pressure gra- 
dient was noted on a pullback tracing from the 
distal left main coronary artery into the aortic 
root. Corrective emergency operation consisted 
of alongitudinal arteriotomy extending from the 
distal normal left coronary artery through the 
stenotic segment and into the aortic root and 
autogenous saphenous vein-patch angioplasty. 
She remained free of coronary insufficiency but 
died 21⁄2 years later with intractable ventricular 
arrhythmias secondary to potassium-losing 
nephropathy. Postmortem examination re- 
vealed intact valves and a widely patent left 
coronary artery. 


Patient 2 


A 55-year-old man underwent an uneventful 
aortic valve replacement using a No. 10 Starr- 
Edwards prosthesis in January, 1973. His coro- 
nary arteries were perfused at a pressure of 100 
mm Hg using a Spencer Silastic catheter. Three 
months later he required a craniotomy for a rup- 
tured berry aneurysm. Acute substernal chest 
pain in May, 1973, necessitated cardiac studies 
that revealed normal aortic valve function and a 
high-grade stenosis of the left main coronary 
artery (Fig 1). The coronary arteries distal to the 
lesion were otherwise normal. 

An anterior descending coronary artery 
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Fig 1. (Patient 2.) Coronary arteriogram five montlis 
after aortic valve replacement showing severe 
stenosis of the origin of the left main coronary artery 
and a normal distal vessel. 


bypass grafting procedure was complicated by 
prolonged low cardiac output and acute 
iliofemoral thrombosis. Heparin therapy led to 
pericardial tamponade requiring reoperation. 
Multiple organ system failure and septicemia 
caused the patient’s death four weeks after coro- 
nary revascularization. 


Patient 3 


A 60-year-old woman with aortic stenosis and 
insufficiency underwent aortic valve replace- 
ment using a totally cloth covered No. 9 Starr- 
Edwards prosthesis. Preoperative coronary an- 
giograms had revealed normal coronary arteries. 
Both coronary arteries were perfused with 
Spencer catheters at 100 mm Hg pressure. She 
made an uneventful recovery. 

Eight months following operation she was 
readmitted with acute coronary insufficiency. 
Electrocardiograms revealed myocardial is- 
chemia and premature ventricular contractions. 
Cardiac studies demonstrated a well-func- 
tioning aortic valve and severe stenosis of the 
proximal left main coronary artery. At reopera- 
tion the aortic valve was examined and found 
to be satisfactory. The anterior descending 
coronary artery was bypassed using autogenous 


February 1977 


saphenous vein. Three years postoperatively 
she was free of symptoms. 


Patient 4 


In July, 1973, a 31-year-old man underwent aor- 
tic valve replacement at West Side Veterans 
Administration Hospital in Chicago using a No. 
10 Starr-Edwards prosthesis. The coronary ar- 
teries had been normal prior to the operation. 
Both arteries were perfused with Spencer 
catheters at a pressure of 100 mm Hg. His post- 
Operative course was complicated by an exten- 
sive wound infection and sternal separation re- 
quiring several months of local treatment. 

Twelve months postoperatively the patient 
was readmitted to the same hospital with a his- 
tory of progressive angina pectoris and symp- 
toms of cardiac decompensation. Cardiac 
studies revealed mild aortic insufficiency and 
severe obstruction of the proximal left main 
coronary artery (Fig 2). At this time the patient 
was transferred to Presbyterian-St Luke’s Hos- 
pital for corrective operation. 

The heart was exposed through a median 
sternotomy. Aortotomy revealed an aortic valve 
prosthesis covered with thrombotic material. 
The inner aspects of the struts were denuded 
from their cloth covering, and the left coronary 
artery orifice could not be identified. The Starr- 


Fig 2. Coronary arteriogram in Patient 4 twelve 
months after aortic valve replacement showing 
severe stenosis of the left main coronary artery. 
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Edwards prosthesis was replaced with a 25 mm 
Bjórk-Shiley valve. The anterior descending 
coronary artery was bypassed using a short 
segment of autogenous saphenous vein. The pa- 
tient made an uneventful recovery and was 
asymptomatic 18 months postoperatively. 


Comment 


Patient 1 represents the first successful operative 
correction of coronary obstruction from direct 
cannulation. His case was initially reported in 
1970 [5]. Since that time 14 patients have been 
operated upon with 9 survivors [2, 4, 6, 8] (Ta- 
ble). Roberts and Morrow [7] observed stenosis 
of the coronary artery ostia secondary to intimal 
thickening in the aortic root following ball-valve 
aortic valve replacement. They hypothesized 
that this alteration was related to the turbulent 
flow across the prosthesis. This hypothesis does 
not explain the development of similar lesions in 
patients in whom coronary arteries were per- 


fused without replacing the aortic valve [2] or in 
whom prostheses other than ball-valve mecha- 
nisms were used [4]. Trimble and associates [8] 
subsequently showed the presence of this lesion 
at postmortem examination in 3 of their patients 
who died after aortic valve replacement. They 
attributed this narrowing to intimal thickening 
and circumferential proliferation of variable de- 
grees of dense connective tissue in the proximal 
left main coronary artery. They suggested a 
cause-and-effect relationship between these le- 
sions and the cannulation done for perfusion, 
and considered the direct-pressure distending 
effect of the balloon the mechanism responsible 
for the stenosis [8]. 

Experimentally, if one cannulates a peripheral 
artery with an oversized catheter, even without 
application of extracorporeal perfusion, the ar- 
tery subsequently undergoes intrinsic changes 
leading to severe obstruction or occlusion. This 
phenomenon has been attributed to ruptures in 


Operative Experience with latrogenic Coronary Artery Obstruction 


Interval 
Between 
Type of Operation 
Initial Coronary and 
Operative Perfusion Angina 
Authors Procedure Catheter (mo) 
Trimble et al, l. AVR Mayo” 3 
1969 [8] 2. AVR Mayo” 4 
3. AVR Mayo” 3 
Najafi et al, 4. Triple-valve Spencer 8 
1970 [5] replacement, S-E 
Nakhjavan et al, 5. AVR No. 25 B-S Nichols-Jehle” 4 
1972 [4] 6. AVR No. 25 B-S Nichols-Jehle^ 4 
7. AVR S-E Nichols-Jehle" 4 
Reed et al, 8. AVR No. 10 S-E Balloon? 11 
1970 [6] 9. AVR No. 10 S-E Balloon” 6 
10. AVR No. 9 S-E Silastic 15 
11. AVR No. 9 S-E Silastic 4 
12. AVR No. 8 S-E Silastic 3 
and MVR 
Hazan et al, 13. AVR No. 10 S-E King” 4 
1975 [2] 
14. Dissection of King* 2 
ascending aorta 
15. AVR No. 9 S-E King? 6 
Chawla et al [See Patient 4 
(present series) above] 
16. AVR No. 10 S-E Spencer 
17. AVR No. 9 S-E Spencer 
18. AVR No. 10 SE Spencer 9 


Type of 
Lesion Reconstruction Results 
Left main Dilation Died 
Left main No operation Died 
Left main No operation Died 
Left main Vein patch Good, but died at 2*2 yr of 
nephropathy 
RCA, LAD RCA bypass and LAD Good, 31⁄2 mo 
Left main LAD bypass Good, 21/2 mo 
Left main LAD bypass Good, 12 mo 
RCA Vein patch Good, 15 mo 
RCA and No operation 
left main 
RCA No operation aia 
Left main Vein patch Good, 16 mo 
RCA RCA bypass Good, 14 mo 
RCA and LAD bypass Good, 21⁄2 yr 
left main 
Left main LAD and circumflex bypass Good, 9 mo 
Left main LAD and repair of Good, 3 mo 
periprosthetic leak 
Left main LAD bypass Died, 1 mo 
Left main LAD bypass and AV Good, 2¥2 yr 
exploration 
Left main LAD bypass and AVR No. Good, 12 mo 


25 B-S 


EE 


"Self-inflating. 
"Manufactured by Pilling Corp, Fort Washington, PA. 


AVR = aortic valve replacement; MVR = mitral valve replacement; S-E = Starr-Edwards; B-S = Bjórk-Shiley; RCA = right coronary artery; LAD = left anterior 


descending coronary artery. 
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the media, with subsequent reparative pro- 
cesses resulting in intimal proliferation, and to 
arterial wall hypoxia secondary to prolonged 
high-pressure occlusion of the vasa vasorum [8], 
causing necrosis and subsequent scarring. The 
cannulas can also injure the vessel wall by caus- 
ing a jet-stream effect of the blood flow when it 
is used for perfusion. 

Even though the exact mechanism and inci- 
dence of this lesion is not known, any patient 
who develops coronary insufficiency, particu- 
larly several months after seemingly successful 
aortic valve replacement, should be suspected of 
having developed iatrogenic obstruction of the 
proximal coronary arteries. The frequency of 
life-threatening arrhythmias and several sud- 
den deaths associated with this lesion dictate 
the need for prompt cardiac studies, including 
coronary angiography. 

The operative approach in these patients was 
through the previous sternotomy. In the patient 
with a history of wound infection and sternal 
dehiscence in whom secondary healing had re- 
quired several months of wound care, ster- 
notomy was chosen despite the possibility of 
technical difficulties because of the need to 
explore the aortic valve. This proved prudent, 
since the valve was found to be partially throm- 
bosed and denuded and required replacement. 
Preparation for partial cardiopulmonary bypass 
was accomplished using the common femoral 
vessels in all patients. Cannulation of these ar- 
teries was done prior to sternotomy either be- 
cause of the patient's precarious cardiac perfor- 
mance or because of fear of injury to the heart or 
the aorta during sternotomy. In the first patient 


the operation was done prior to the era of coro- 
nary revascularization; therefore, arteriotomy 
and vein patch angioplasty were used to enlarge 
the lumen of the stenotic vessel. In the last 3 
patients the anterior descending coronary artery 
was bypassed to revascularize the entire left 
coronary system. The circumflex coronary artery 
could not be easily identified in any of these 
patients because of extensive epicardial scar- 
ring. 
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Resolution of Surgically 


Induced Right Bundle-Branch Block 


Mohammad Mehran-Pour, M.D., Gordon Borkat, M.D., 
Jerome Liebman, M.D., and Jay Ankeney, M.D. 


ABSTRACT Ina retrospective study, the serial elec- 
trocardiograms of all patients with surgically induced 
right bundle-branch block (RBBB) were reviewed. 
None of these patients had had RBBB prior to opera- 
tion. Seven patients who had RBBB from 6 to 16 days 
after operation showed resolution in ECGs done 3 to 8 
months later. Two patients are reported, with 
documentation by vectorcardiogram, in whom RBBB 
resolved by 3 and 12 years after operation. The origin 
of transient forms of RBBB may be different from the 
long-standing form. If RBBB of long duration is due 
to operative injury to the proximal right bundle, Pur- 
kinje fiber network, or distal branch or branches of 
the right bundle, or to combinations of these tracts, 
one may speculate about the possibility of regenera- 
tion of the right ventricular conduction system. Since 
no data are available concerning the long-term prog- 
nosis of RBBB and since a progressive conduction 
disturbance can occur, the resolution of RBBB after 
many years might carry a better prognosis than its 
persistence. 


Right bundle-branch block (RBBB) is found on 
electrocardiograms in a majority of patients un- 
dergoing right ventriculotomy for correction of 
ventricular septal defect (VSD), pulmonic 
stenosis, and tetralogy of Fallot [1, 3, 4, 6, 
9, 10, 12, 15, 19, 21]. Occasionally RBBB has 
disappeared in the immediate postoperative 
period, but resolution after many years has not 
been reported. This paper describes the resolu- 
tion of surgically induced RBBB in 9 patients. In 
2 of them the resolution did not occur until 3 and 
12 years postoperatively. 
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Method 

A total of 859 patients had serial ECGs before 
and after operation for various congenital heart 
lesions at the University Hospitals of Cleveland 
from January, 1961, to August, 1975. Of these, 
468 patients had operations on the right side of 
the heart. The ECGs of these patients were re- 
viewed to determine the incidence of RBBB and 
its possible resolution. The patients who did not 
survive to the first postoperative ECG were 
excluded from the study. Right bundle-branch 
block was defined as: (1) a QRS duration greater 
than 0.10 second; (2) a wide, slurred S wave in 
leads I and V,; and (3) a slurred R wave in leads 
III and aVR [7]. 


Results 


The distribution of patients and incidence of 
RBBB are shown in the Table. Seven patients 
who had RBBB from 6 to 16 days postopera- 
tively showed resolution in ECGs done 3 to 8 
months later. Two patients are reported in 
whom RBBB did not resolve until 3 and 12 years 
after operation; documentation by vectorcar- 
diogram is included in their histories. 


Patient 1 


A 12-year-old black boy was the product of a 
full-term, uncomplicated pregnancy and normal 
delivery. A heart murmur was noted at birth, 
and the clinical diagnosis of VSD was made. He 
had no cardiac symptoms up to 1 year of age, 
when he was lost to follow-up. He was sent by 
the school physician at 8 years of age for reevalu- 
ation. Cardiac catheterization was performed 
and revealed a small left-to-right shunt at the 
ventricular level (pulmonary/systemic flow 
ratio, 1.5:1) and elevated pulmonary artery 
pressure (pulmonary artery pressure, 50% of 
systemic pressure). He underwent closure of the 
VSD at 9 years of age. A longitudinal incision 
was made from just below the pulmonary out- 
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Distribution of Patients Undergoing Open-Heart 
Operations for Congenital Heart Defects and 
Incidence of Right Bundle-Branch Block 


———————————————————— 


Heart No. of Postop Incidence 
Lesion Patients RBBB (90) 
——— € Jo a 
VSD 117 74 63 
Tetralogy 163 117 72 
PS 61 18 30 
ASD 113 12 11 
AVC 14 5 36 

Total 468 226 48 


RBBB = right bundle-branch block; VSD = ventricular septal 
defect; Tetralogy = tetralogy of Fallot; PS = pulmonic 
stenosis; ASD = atrial septal defect; AVC = atrioventricular 
communis. 


flow tract inferiorly on the right ventricle, and 
three areas of defect approximately 3 to 5 mm in 
diameter were found in the ventricular septum, 
two of which were tucked underneath the septal 
leaflet of the tricuspid valve. The location of the 
third defect is not mentioned in the operative 
notes. These defects were closed with sutures. 
He had a benign postoperative course and has 
done well since his operation. 

The preoperative and postoperative ECGs of 
this patient are shown in Figure 1. The preopera- 
tive ECG (Fig 1A) shows combined ventricular 
hypertrophy and mild terminal conduction 
delay secondary to right ventricular hyper- 
trophy. An ECG taken 2 months postoperatively 
(Fig 1B) shows a significant increase in QRS 
duration and marked terminal conduction delay 
indicating RBBB, which persists in the ECGs 
done 7 and 8 months postoperatively (Fig 1C, 
D). The ECG taken 3 years postoperatively (Fig 
]E) has a normal QRS duration and no terminal 
conduction delay, showing resolution of RBBB. 
Figure 2 shows the vectorcardiogram of this pa- 
tient, which was taken 2 weeks after Figure 1E; it 
shows combined ventricular hypertrophy but 
no significant terminal conduction delay, dem- 
onstrating resolution of RBBB. 


Patient 2 

A 13-year-old white girl was the product of a 
full-term pregnancy complicated by “excess 
water." A heart murmur was first noted at birth 
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Fig 1. Serial electrocardiograms in Patient 1. (A) 
Preoperative ECG at9 years of age, which was 
interpreted as indicating left ventricular 
hypertrophy. (B) Two months postoperatively note 
increased QRS duration and terminal conduction 
delay, indicating right bundle-branch block (RBBB). 
(C, D) Tracings 7 and 8 months postoperatively 
demonstrate the persistence of RBBB. (E) Three years 
postoperatively the QRS duration is normal, and 
there is no terminal conduction delay; these findings 
indicate resolution of RBBB.(A and B retouched for 
reproduction.) 


and cyanosis at 14 months of age. A diagnosis of 
severe valvular pulmonic stenosis with supra- 
systemic right ventricular pressure was made, 
and she underwent pulmonary valvotomy at 17 
months of age. A small incision was made in the 
outflow tract of the right ventricle, and using 
Hegar dilators sized 1 through 8, this incision 
was dilated. Brock valvulotomes were placed 
through the pulmonary valve, and using 
rongeurs, several small bits of the valve were 
resected. Her postoperative course was compli- 
cated by bleeding, which necessitated explora- 
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Fig 2. Vectorcardiogram in Patient 1 taken 2 weeks 
after Figure 1E.(A) Frontal view; (B) transverse 
view; (C) sagittal view. The QRS loop is displaced 
anteriorly and leftward forces are increased, showing 
combined ventricular hypertrophy; however, there 
is no significant terminal conduction delay to indicate 
right bundle-branch block. 


RBBB 


tion of the mediastinum. She has been followed 
clinically since then and seems to be doing well 
except for some dyspnea with severe exercise in 
physical education classes. 

Figure 3 shows the preoperative and post- 
operative ECGs in this patient. The preoperative 
ECG (Fig 3A) shows right ventricular hyper- 
trophy. The postoperative ECG at 1 day (Fig 1B) 
shows RBBB that persisted for 11 years (Fig 3C, 
D) and resolved 12 years postoperatively (Fig 
3D, F). Figure 4 shows the vectorcardiogram of 
this patient, which was taken 2 weeks after Fig- 
ure 3E; it shows no significant terminal conduc- 
tion delay despite right ventricular hyper- 
trophy. 


There were 7 additional patients who had 
RBBB for 6 to 16 days postoperatively and who 
showed resolution of RBBB in ECGs done 3 to 8 
months later. Three patients had a high, mem- 
branous VSD of moderate size which was closed 
through aright ventriculotomy. One patient had 
total repair of tetralogy of Fallot. One patient had 
severe valvular and infundibular pulmonic 
stenosis and underwent closed pulmonary val- 
votomy and infundibular resection. One patient 
had an atrioventricular canal in which the os- 
tium primum defect, cleft of both the mitral and 
tricuspid valves, and the upper portion of the 
VSD were closed through a right atriotomy and 
the residual VSD then closed through a trans- 
verse right ventriculotomy. One patient had an 
ostium primum defect that was closed through a 
right atriotomy. 

No ECGs were obtained from 16 days to 3 
months postoperatively, so it was impossible to 
define the exact period of resolution of the 
RBBB. Detailed information and ECGs are not 
presented here but are available upon request to 
the authors. 


Comment 


The cause of postoperative RBBB is unknown, 
but it has been thought to be due to operative 
injuries of various portions of the right ventricu- 
lar conduction system [3, 10, 19, 21]. These in- 
juries have included hemorrhage, infarction, su- 
ture placement in the proximal right bundle 
branch [12, 15, 20], and interruption of distal 
ramifications of the right bundle branch. 
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Fig 3. Serial electrocardiograms in Patient 2. (A) 
Preoperative ECG at 17 months of age, showing right 
ventricular hypertrophy. (B) One day 
postoperatively note the increased QRS duration and 
terminal conduction delay, indicating right 
bundle-branch block (RBBB). (C, D) Tracings done 9 
and 11 years postoperatively demonstrate the 
persistence of RBBB. (E, F) Twelve years 
postoperatively a normal QRS duration is clearly 
shown and there is no terminal conduction delay, 
indicating that there has been resolution of RBBB. 
Record F was obtained two weeks after record E. (A 
and B retouched for reproduction.) 


The RBBB pattern following operative correc- 
tion of VSD and tetralogy of Fallot has been 
thought to be due to operative damage to the 
proximal right bundle branch, which lies in the 
posteroinferior portion of the defect [13, 14]. Lev 
and associates [15] have shown that patients 
with VSD repair can have injury at multiple sites 
in the conduction system, including the atrio- 
ventricular node area, bundle of His, and 
bundle branches. Titus and associates [20] stud- 








Fig 4. Vectorcardiogram in Patient 2 taken 2 weeks 
after record E in Figure 3. (A) Frontal view; (B) 
transverse view; (C) sagittal view. In the transverse 
plane there is a crossed inscription of the QRS loop 
with increased rightward forces but no significant 
terminal slowing, which is interpreted as indicating 
right ventricular hypertrophy. 


ied histological specimens from 12 patients fol- 
lowing operative closure of a VSD. Their find- 
ings included hemorrhage, infarction, and 
suture placement in various parts of the 
specialized atrioventricular conduction system. 
In only 1 patient was there isolated hemorrhage 
into the right bundle that did not involve the 
atrioventricular node, bundle of His, or left 
bundle branch. 

Esmond and colleagues [5], in studying the 
peripheral ramifications of the conduction sys- 
tem in the human heart, demonstrated that a 
right ventriculotomy might result in RBBB due 
to interruption of the Purkinje fiber network 
distal to the moderator band. The physiological 
studies of Gelband and associates [7] have 
shown that the RBBB pattern occurred simul- 
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taneous with the termination of the ven- 
triculotomy. The activation time of sites medial 
to the ventriculotomy (closer to the septum) was 
normal, while the activation time of lateral sites 
was significantly prolonged. During sub- 
sequent VSD closure or infundibular resection 
there was also no prolongation of the activation 
time of sites medial to the ventriculotomy. It was 
therefore assumed that no further injury to the 
right ventricular conduction system had oc- 
curred. The authors concluded that the ven- 
triculotomy was the prime factor responsible for 
the electrocardiographic pattern of postopera- 
tive RBBB. 

Krongrad and co-workers [11] recently 
studied 15 patients requiring right ven- 
triculotomy during open-heart operation. In 
each patient the ventriculotomy was carried out 
in steps, with three to seven incisions of approx- 
imately 1 cm in length. Twelve of the 15 patients 
developed RBBB, and the remaining 3 did not. 
The change from normal conduction to RBBB 
occurred during one specific incision of the right 
ventricular free wall, which in 9 patients was 
located between 40 and 70% of the distance be- 
tween the pulmonary artery annulus and the 
inferior border of the heart. In 3 patients the 
location of the incision was higher. The RBBB 
was not related to the total length of the ven- 
triculotomy or to the sequence of the incisions. 
The authors concluded that the ventriculotomy- 
induced RBBB was due to disruption of a 
peripheral branch or branches of the right bun- 
dle or its arborization located at a "specific site,” 
rather than to a continuous disruption of the 
right ventricular Purkinje network. This obser- 
vation might explain why some patients who 
had a right ventriculotomy did not develop 
RBBB. 

Okoroma and coauthors [17] very recently 
studied the incidence of postoperative RBBB in 
patients with isolated VSD. They noted a 60% 
incidence of RBBB in patients who underwent 
VSD repair through a ventriculotomy and a 44% 
incidence if the VSD was repaired through the 
tricuspid valve. Their result suggested that 
either ventriculotomy (peripheral injury) or 
damage to the proximal right bundle (central 
injury) can cause the postoperative RBBB pat- 
tern. The authors also suggested that the central 


right bundle injury could be differentiated from 
peripheral branch injury by changes in the in- 
itial vectorcardiographic electromotive forces. 

The transient form of RBBB seen in 5 of our 
patients could be explained by edema or pericel- 
lular exudate, which might interfere with the 
proper function of the bundle of His and bundle 
branches [2]. As the edema regressed, the RBBB 
resolved. 

It is more difficult to explain the resolution of 
persistent, long-term RBBB, which occurred in 2 
of our patients. Indeed, if the RBBB was due to 
operative damage to the proximal right bundle, 
Purkinje fiber network, distal branch or 
branches of the right bundle, or to combinations 
of these tracts, one might speculate that there 
was regeneration of the right ventricular con- 
duction system. 

At present no data are available concerning 
the long-term prognosis of isolated postopera- 
tive RBBB. It has been well documented, how- 
ever, that a progressive conduction disturbance 
can occur, with subsequent development of 
trifascicular block [18]. This carries a signifi- 
cantly higher mortality in long-term survivors. 
Perhaps the resolution of RBBB after a number of 
years might carry a better prognosis than its 
persistence. 

With a better understanding of the precise 
anatomical location of the operative incision and 
the mechanism by which a right ventriculotomy 
causes conduction delay, fewer instances of 
RBBB might be produced postoperatively. It is 
important to follow patients with RBBB with 
serial electrocardiograms over a long period, as 
many more might have resolution of RBBB with 
a possibly better prognosis. 
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Pulmonary Hydatid Disease: Report of 100 Patients 


Aydin Aytac, M.D., Yurdakul Yurdakul, M.D., Coskun Ikizler, M.D., 
Rüstem Olga, M.D., and Argun Saylam, M.D. 


ABSTRACT One hundred patients with pulmonary 
hydatid disease underwent thoracotomy and opera- 
tive removal of the cysts. Of the 60 men and 40 
women, most were between 3 and 19 years old. Cough, 
fever, dyspnea, and chest pain were the prominent 
symptoms in the majority of cases. Intact hydatid 
cysts were found in 67 patients and infected or rup- 
tured cysts in 33. The Casoni skin test, Weinberg 
reaction, and eosinophilia were found to be unreli- 
able diagnostic criteria and therefore were not used 
routinely in our patients. Roentgenological examina- 
tion was the most valuable diagnostic aid. A single 
lobe was affected in 72 patients. Unilateral multiple 
foci were present in 15 patients and bilateral multiple 
foci in 13. Cystectomy and capitonnage were the pre- 
ferred operative procedures in most cases. Pulmonary 
resection was necessary in only a limited number of 
patients. 

We conclude that conservative surgical methods 
such as cystectomy (with or without capitonnage) are 
preferable, especially for children, whose residual 
lung parenchyma has great capacity for expansion. 
The mortality rate among our 100 patients was 2%; 
both died of cardiac arrest during operation. 


Hydatid disease is endemic in some areas of the 
world, notably the Mediterranean countries, the 
Middle East, South America, and Australia. 
Lung is the second most common focus for this 
disease, after liver. 

Roentgenographic signs are usually diagnos- 
tic in pulmonary hydatidosis, but the Casoni 
skin test, Weinberg reaction, and eosinophilia 
are not specific and reliable for making the diag- 
nosis. In children it is especially important to 
use conservative surgical methods, preserving 
pulmonary parenchyma with or without 
capitonnage of the residual cavity. Because the 
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lung parenchyma in children has a great capac- 
ity for expansion, it is possible to leave just a 
small area of parenchyma after the cyst is re- 
moved. 

One hundred patients with pulmonary 
hydatidosis operated upon between 1964 and 
1975 form the basis of this paper. 


Clinical Material and Methods 


Most of our patients were children; our 
youngest patient was 3 years old and the oldest, 
61 (Table 1). Ninety percent of them were from 
underdeveloped rural areas. Sixty patients were 
male and 40 were female. 

In 67 cases the cysts were intact and uncompli- 
cated. Fifteen cysts were infected, 6 were rup- 
tured, and 12 were both ruptured and infected. 
Seventy-two patients showed unilobar localiza- 
tion, and the others had unilateral or bilateral 
multiple cysts (Table 2). The most prominent 
symptoms in our series were cough, fever, 
dyspnea, and chest pain (Table 3). Symptoms 
due to concomitant extrapulmonary cysts were 
also present in some instances. Four patients 
were completely symptomless, their cysts being 
detected on routine chest roentgenograms. The 
Casoni skin test and Weinberg reaction were 
performed in only a small number of patients; 
therefore these tests were not evaluated in this 
series. Diagnosis was made routinely by chest 
roentgenogram, except in 1 patient in whom 
malignant lymphoma was suspected due to 
bilateral pulmonary opacities (see Fig 4). 

Cystectomy and capitonnage were the most 
commonly used surgical techniques (Table 4). 
Deactivation of the cyst by 3% NaCl solution 
was performed before a cystotomy was done 
during cystectomy. Figures 1 to 5 show some of 
the more interesting chest roentgenograms and 
intraoperative pictures. 


Results 


Ninety-eight patients are in good condition fol- 
lowing complete recovery. Two patients died in 
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Table 1. Age Distribution of 100 Patients with 
Hydatid Cysts 





Age (yr) No. of Patients 
3-9 59 

10-19 25 

20-29 3 

30-39 8 

40-49 3 

50-59 1 

60—69 1 





Table 2. Location of Hydatid Cysts in 100 Patients? 








Location No. of Patients 
Single lobe /2 

Right upper lobe 10 

Right middle lobe 7 

Right lower lobe 18 

Left upper lobe 19 

Left lower lobe 18 
Unilateral multiple foci 15 
Bilateral multiple foci 13 





?In 11 instances hydatid cysts were also present in extrapul- 
monary organs (liver, 4; liver and omentum, 1; liver and 
spleen, 1; spleen, 3; brain, 2). 


Table 3. Prominent Symptoms in 100 Patients with 
Hydatid Cysts 








Symptom No. of Patients 
Cough 45 
Fever 21 
Dyspnea 13 
Chest pain 10 
Symptoms due to concomitant 
extrapulmonary hydatidosis 4 
Hepatic cyst—abdominal pain 2 
Brain cyst—headache 1 
Brain cyst—hemiplegia 1 
Detection during a routine chest 
roentgenogram (symptomless) 4 
Expectoration of cystic fluid 2 


Anaphylactic shock 1 
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Table 4. Surgical Methods Used in 100 Patients with 
Hydatid Cysts? 


Procedure No. Performed 
Cystectomy and capitonnage 101 
Lobectomy 14 
Cystectomy without capitonnage 5 
Wedge resection 5 
Enucleation and capitonnage 3 
Segmentectomy 2 


? More than one procedure was performed in some patients 
and the same procedure was sometimes performed more 
than once in a single patient due to multiple hydatidoses. 


the operating room, both from cardiac arrest 
during anesthesia. No recurrences have been 
seen on control chest roentgenograms during 
long-term follow-up of the living patients. 


Comment 


Hydatid disease is caused by either Echinococcus 
granulosus or E. alveolaris. E. granulosus is the 
common cause of hydatid lung disease; the al- 
veolar type is very rare, only a few cases of lung 
metastases secondary to hepatic lesions having 
been reported [3]. Hydatid cyst of the lung has a 
growth rate of 1 or2 cm in diameter per year [10]. 

Infestation of the embryo is the main route of 
infection. The embryo passes through the 


Fig 1. Typical bilateral hydatid cysts in a 9-year-old 
boy. 
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Fig 2. "Water-lily sign” ina case of ruptured hydatid 
cyst of the left lung ina 16-year-old girl. 


Fig 3. (A) Ruptured hydatid cyst of the left lung in a 
6-year-old girl. (B) Same patient, left lateral view. 


A 





duodenal wall into either the portal vein or the 
periduodenal and perigastric lymphatics. The 
entry of the portal vein into the liver accounts for 
the predominance of this location. It is through 
this route also that pulmonary cysts develop 
secondary to hepatic lesions. Periduodenal and 
perigastric lymphatic channels, which connect 
with the thoracomediastinal lymphatics and the 
thoracic duct, become infested, explaining the 
development of pulmonary lesions in the ab- 
sence of hepatic cysts [10]. 

Animals are hosts in the life cycle of 
echinococci, and hydatidosis is commonly en- 
countered in animal (sheep, cow) feeding areas, 
especially in persons in contact with dogs; in a 
series of 577 cases from Turkey, 69% of the pa- 
tients were from the animal- feeding and peasant 
population [8]. In Turkey, 4% of the dogs, 36% 
of the cows, and 26% of the sheep display 
hydatid disease [4]. A direct route of infection in 
pulmonary hydatidosis is through inhalation of 
air particles containing dried microfragments of 
animal excreta carrying echinococci. The inci- 
dence of hydatidosis is 1:2,000 in the Turkish 
population, and 1% of the patients admitted to 
our surgical clinics have the disease [4]. 

Pulmonary hydatidosis is most common in 
men in the second and third decades of life; 
other locations are more common in women in 
these decades [15]. The incidence of pulmo- 


B 
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Fig 4. (A) Bilateral multiple hydatid cysts of the lungs 
in an 8-year-old boy. Malignant lymphoma was 
suspected preoperatively. (B) Same patient, 
postoperative view. 


Fig5. Giant hydatid cyst in the right upper lobe in an 
8-year-old boy. (A) Operative view. The cyst was 
removed by enucleation. (B) Same patient. The 
removed specimen. 
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nary hydatid cysts is high in the first decade, as 
seen in our series. Pulmonary hydatid cysts can 
be located in any pulmonary lobe and can con- 
sist of multiple foci in one or both lungs. The 
right lower lobe is the most frequently attacked 
area of the lung, as seen in a review of the litera- 
ture [8, 10]; this is thought to be caused by the 
abundance of pulmonary flow to this lobe com- 
pared with other portions of the lung [10]. Ina 
series of 577 patients in Turkey, the right lung 
was attacked in 60.1%, the left in 31.1%, and 
both lungs in 8.8% of the patients [8]. Unilateral 
multiple foci are reported in 20% of the patients 
[15]. Other locations for hydatid cysts on the 
chest wall and in the chest cavity are the dia- 
phragm, intercostal muscles, thoracic vertebrae, 
breasts, mediastinum, pericardium, and cardiac 
chambers. Locations of echinococcal cysts in a 
series from Turkey are shown in Table 5 [15]. 
Intrabronchial rupture, anaphylactic reaction, 
rupture into the pleural cavity with hy- 
dropneumothorax, rupture into the medias- 
tinum, fatal asphyxia resulting from sudden 
occlusion of the bronchus or trachea by the ex- 
pectorated germinative membrane, infection, 
lung abscess, and bronchiectatic changes in the 
lung parenchyma are the possible complications 
of pulmonary hydatid cysts. Infected hepatic or 
splenic echinococcosis may be complicated by 
transdiaphragmatic fistulas between these or- 
gans and the lung parenchyma or bronchi. 
About 2.5 to 3% of patients with hepatic 


Table 5. Locations of Hydatid Cysts in the Turkish 
Population 





Percent of Patients 





Location with Echinococcosis 
Liver 54 
Lungs 35 
Peritoneum 5.9 
Spleen 1.9 
Muscles 1.8 
Kidney 0.8 
Nervous system 0.2 
Breasts 0.2 
Pancreas 0.1 
Miscellaneous 0.1 


(cardiac, osseous, etc) 





echinococcosis display bronchobiliary fistulas 
and bile expectoration [1, 4, 5, 11]. 


Siens and Symptoms 


About 596 of the patients are symptom free [10]. 
Symptoms consist mainly of cough, fever, 
dyspnea, sweating, and chest pain. Evacuation 
of white cystic fluid and scoleces in the sputum 
sometimes occurs when cysts rupture and may 
lead to allergic and anaphylactic reactions re- 
quiring immediate treatment. Clubbing may 
be present in infected cases [17], as may 
pneumonitis. In some patients transdiaphrag- 
matic rupture of a splenic [5] or hepatic [1, 4, 11] 
cyst occurs with signs of pneumonitis at the 
bases of the lungs. Hydropneumothorax may be 
the first sign of a ruptured cyst. Other kinds of 
pulmonary masses or infection should be borne 
in mind during the differential diagnosis. Cal- 
cification of the cyst wall is seldom present on 
roentgenograms [10]. 

Hydatid cyst may lead to Pancoast's syndrome 
when located at the apex of the lung [12, 13]. 
Expectoration of bile may be a manifestation of 
bronchobiliary fistula in a ruptured and infected 
hepatic echinococcosis [1, 4, 11]. Symptoms of 
concomitant extrapulmonary hydatid cysts may 
predominate over the symptoms of pulmonary 
hydatidosis. Nervous disorders can be observed 
when cysts arise in the thoracic vertebrae [6]. 
Similarly, abdominal pain and distention may 
appear in cases of hepatic and splenic cysts. 


Diagnosis 
Chest roentgenograms displaying oval or spher- 
ical masses in the lung fields are diagnostic of 
hydatid disease. A floating membrane called the 
water-lily sign is seen with an air-fluid level in 
ruptured cysts (see Figs 2, 3). 
Roentgenographic signs are generally diag- 
nostic in countries where hydatid disease is 
common. Tumors of the lung and mediastinum 
as well as pulmonary hydatid emboli secondary 
to hepatic or cardiac echinococcosis [9] also 
should be kept in mind in making the differen- 
tial diagnosis. Diaphragmatic (Bochdalek) her- 
nia may rarely be misdiagnosed as hydatid cyst 
at the base of the lung. We have encountered 2 
such patients in whom the liver had herniated 
through the diaphragmatic defect. 
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The Casoni skin test, the Weinberg reaction, 
and eosinophilia are not specific in making the 
diagnosis. We have encountered a number of 
patients with negative reactions and insignifi- 
cant eosinophilia. Therefore, we do not use these 
tests for diagnosis. Orueta and co-workers [7] 
reported the Casoni skin test as 70% positive, 
the Weinberg reaction as 33% positive, and 
eosinophilia as 22% positive in their 23-year 
experience with pulmonary hydatidosis. Kagan 
and co-workers stated that serological reactions 
are positive in 85% of hepatic and 33 to 50% of 
pulmonary hydatid cysts [16]. In large series in 
Turkey the Casoni skin test has been positive in 
50%, the Weinberg reaction has been elicited in 
30%, and significant eosinophilia has been seen 
in 28% of patients with pulmonary echinococ- 
cosis [8, 14]. The Casoni skin test may be posi- 
tive in pulmonary carcinoma and tuberculoma, 
and significant eosinophilia may be present in 
all kinds of allergic disorders [14]. 


Treatment 


Prevention of hydatidosis is more important 
than treatment in countries where this disease is 
endemic. Hygienic conditions should be care- 
fully maintained. Animals can be treated with 
bunamidine hydrochloride, as reported by 
Gemmell and Shearer [16]. 

Multiple solitary cysts or alveolar forms in a 
patient are handled in much the same way as 
malignant lesions, owing to the difficulty in re- 
moving them. Rarely, expectoration of the cystic 
fluid and germinative membrane may lead to 
spontaneous healing of the residual cavity in 
some of the small cysts. We have encountered 1 
such patient in our clinic (1%). 

Operation is the treatment of choice for pul- 
monary hydatid cysts. Conservative surgical 
methods that preserve lung parenchyma are 
usually preferred. Resection is indicated for 
some of the ruptured and infected cysts, in the 
presence of bronchiectatic changes secondary to 
infection or if the cysts are giant [17]. Emergency 
operation is indicated when cysts have ruptured 
into the pleura. Cysts that have ruptured into 
the bronchus are treated with postural drainage 
and antibiotics for at least 10 to 15 days and 
later are subjected to operation [17]. Immediate 
medical treatment to prevent anaphylaxis 


should be initiated with ruptured cysts. Penicil- 
lin is the antibiotic of choice in pulmonary 
hydatidosis. 

Enucleation, introduced by Barrett [2], is gen- 
erally used for small cysts. In some cases removal 
of the cyst is not followed by capitonnage, and 
only air leaks are sutured [10, 18]. Removal of the 
cyst with capitonnage of the residual cavity with 
3-0 chromic sutures is the usual method of 
choice in our clinic. We aspirate the cystic mate- 
rial after sponges and towels moistened with 3 % 
NaCl have been applied around the operative 
field to prevent implantation of scoleces into the 
pleural cavity. A quantity of cystic fluid is aspi- 
rated and the same quantity of 3% NaCl is in- 
jected into the cyst. Some surgeons use 1% for- 
maldehyde in lieu of 3% NaCl for deactivation 
of cysts. Saline solution is safer than formal- 
dehyde, because formaldehyde has a necrotiz- 
ing effect as it penetrates the lung parenchyma 
through air leaks around the cyst. A waiting 
period of about three to five minutes is neces- 
sary for the hypertonic saline solution to deacti- 
vate the scoleces. After this, cystic fluid is 
evacuated as completely as possible, the cyst is 
removed with the germinative membrane, and 
the residual cavity is capitonnated. 

Although spilling of hydatid scoleces is in- 
evitable in most patients, except those subjected 
to enucleation or pulmonary resection, implan- 
tation of the cyst in the pleural cavity is ex- 
tremely uncommon, as determined from long- 
term follow-up of our patients. LeRoux [6] 
reported no recurrence four years after iatro- 
genic rupture of pulmonary hydatid cysts. Sar- 
sam [10] stated that some cysts are not mature 
enough and that others are too old to produce 
scoleces of adequate quality and quantity, thus 
preventing the development of a second cyst by 
local implantation. 

Wedge resection, segmentectomy, lobec- 
tomy, or pneumonectomy may be performed in 
selected patients. Lower lobe excision is usually 
indicated in patients with fistulas between the 
lungs and liver or spleen [11]. 
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HOW TO DO IT 


How to Shorten, Lengthen, 


or Untwist Saphenous Vein Grafts 


Bernard L. Tucker, M.D., George G. Lindesmith, M.D., Quentin R. Stiles, M.D., 
Richard K. Hughes, M.D., and Bert W. Meyer, M.D. 


ABSTRACT A simple method is described to correct 
saphenous vein bypass grafts that inadvertently have 
been made too long or too short or have become 
twisted. The essential feature of the technique is the 
use of a Satinsky vascular clamp to hold the divided 
ends of the vein and maintain their alignment during 
the repair. The most accessible portion of the vein is 
used as the site for the repair, leaving the aortic and 
coronary artery ends of the graft intact. While we 
have not had need to use the technique frequently, 
we have found it to be a simple method and believe it 
to be useful when such instances arise. 


Currently the reversed autogenous saphenous 
vein aortocoronary bypass graft is widely used 
for treatment of ischemic coronary artery dis- 
ease. The bypass grafts are readily performed 
using standard techniques for vascular opera- 
tions. Many factors contribute to construction of 
the technically ideal graft, and these are obvious 
to surgeons trained in the art of cardiovascular 
surgery. Occasionally, despite great care, a vein 
bypass graft inadvertently may be made too long 
or too short, or may even become twisted. The 
adverse effect upon the function of such dis- 
torted grafts is self-evident. Grafts that are too 
long may become kinked. A short graft will place 
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undue tension on both the aortic and the coro- 
nary artery end of the vein graft and will distort 
the lumen, since the conduit is not able to as- 
sume its ideal position. A twisted graft, which 
results from improper alignment of both ends, 
causes lumen occlusion at the site of the twist. 

We believe that the aortic and coronary artery 
anastomoses of the affected graft should be left 
intact and that the simplest way to correct the 
vein graft is by dividing it in the most accessible 
area. The repair need not be done while the 
patient is on cardiopulmonary bypass, but pref- 
erably it should be carried out before anticoagu- 
lation has been reversed. The essential feature of 
the technique is the use of a Satinsky vascular 
clamp with atraumatic jaws. This clamp, when 
placed across the vein at the point where the 
vein is to be divided, assists correction in sev- 
eral ways: 


1. It facilitates alignment of both ends of the 
vein without any further chance at malalign- 
ment. 

2. It requires only one hand to stabilize both 
ends of the graft during the repair. 

3. It allows rapid reconstruction of the vein, 
whether the graft is to be shortened; 
lengthened by having a segment added; or 
realigned because the ends were twisted. 


The Figure outlines the steps for correction of 
each of these conditions. 
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(A) Graft too long. 1, The vein is grasped with 
forceps, and the clamp incorporates the segment to be 
resected. 2, Excess is cut away. 3, End-to-end 
anastomosis is performed. 

(B) Graft too short. 1, The vein is grasped with 
forceps and divided. 2, Alignment of ends is 
maintained while the vascular clamp is applied. 3, A 
segment of vein is interposed. To facilitate the second 
anastomosis, the completed suture line is moved 
outside of the clamp (inset a). 

(C) Twisted graft. 1, The clamp is placed so as to 
incorporate the twist, and the vein is divided. 2, The 
vein end is beveled. 3, The vein is reconstituted. 


Selective Intracavi 


and Coron 


Profound Hypothermic Cardioplegia for 
Myocardial Preservation: A New Technique 


Arie Schachner, M.D., George Schimert, M.D., Thomas Z. Lajos, M.D., 
Arthur B. Lee, Jr., M.D., and John H. Siegel, M.D. 


ABSTRACT 
intracavitary and coronary hypothermic perfusion 
during cardiac bypass with cardioplegia to facilitate 
cardiac operations. A cold perfusate (Plasmalyte 148 
and mannitol, 12.5 gm/L at 8° to 10°C) is administered 


A technique is described for selective 


with the aid of a low-flow perfusion pump into the 
left ventricular cavity and coronary circulation 
through an apical perfusion-venting (Per-Vent) 
catheter. This perfusate cools the myocardium 
rapidly and homogeneously to a temperature of 15° to 
20°C. Within this temperature range, complete car- 
dioplegia occurs and the safe ischemia period can be 
extended to 120 minutes. This method was applied in 
50 unselected consecutive adult patients undergoing 
aortocoronary saphenous vein bypass grafting or aor- 
tic or mitral valve replacement. All patients survived 
and had excellent recovery of ventricular function. 


In 1957 Cross and associates [1] introduced the 
concept of selective cardiac hypothermia. Since 
then a variety of satisfactory techniques, such as 
topical cardiac hypothermia [5], intermittent 
coronary perfusion with cold blood [2], continu- 
ous hypothermic coronary perfusion [3], and 
continuous hypothermic aortic root injection 
[6], have been used. 

In topical application, cooling of the myocar- 
dium generally proceeds from the epicardium to 
the subendocardium, with the least effect on the 
latter, which is the layer most vulnerable to 
anoxic damage. In intracavitary and simultane- 
ous coronary perfusion, the coolant is distrib- 
uted through the myocardium by the natural 
pathways of the coronary circulation and ren- 
ders maximal protection to the subendocar- 
dium by its constant presence in the ventricular 
cavity. The distribution of the cold perfusate 
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through the coronaries assures both homogene- 
ous cooling of the entire myocardium and com- 
plete washout of the microcirculation. It also 
produces a very flaccid heart and maximal dila- 
tation of the coronary arteries, both of which 
greatly facilitate coronary graft anastomosis. 
Our perfusion system (Figure) consists of: 


1. Sarns low-flow perfusion pump. 

2. Bentley Q 120 1-liter cardiotomy reservoir. 

3. Tygon polyvinylchloride tubing (6.4 mm ID, 
9.5mm OD, 1.6 mm wall) from the reservoir 
to the side-arm of the Per-Vent catheter; the 
straight arm of the specially designed cathe- 
ter is connected to the cardiotomy return line. 

4. A Per-Vent catheter,* which is a Y-shaped, 
wire-reinforced vinyl tube with a highly 
polished, closed-end tip. Four large, oval 
side openings and eight small, round eyes 
produce the fountainlike flow pattern. This 
allows gentle hypothermic irrigation of the 
left ventricular cavity. 


Initially the circuit must be debubbled as well as 
filled with coolant immediately prior to use. 


Method 


Following establishment of cardiopulmonary 
bypass, the admixture of warm blood (28? to 
30°C) and coolant (10°C) is prevented by exclu- 
sion of caval return to the right atrium. The 
Per-Vent catheter is inserted through the left 
ventricular apex, and the aorta is cross-clamped. 
Since the perfusion catheter used for cooling 
also serves as the ventricular vent, no additional 
time is lost by this maneuver. The perfusion of 
cold solution starts with flow rates ranging be- 
tween 200 and 300 ml/min, depending on heart 
size and resistance. After 3 to 4 minutes of in- 
tracavitary and coronary cooling, it can be noted 
clearly how the heart "beats itself to a 
standstill." Sometimes additional gentle manual 


"Designed by the authors and manufactured by United 
States Catheter Carn Inc Rillorica MA 11291 
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The intracavitary and coronary hypothermic 
cardioplegia system. A, Sarns low-flow perfusion 
pump; B, Sarns Travenol modular pump console; C, 
the Per-Vent apical catheter. 


compression of the heart intermittently for 
another minute or two must be applied in order 
to reach the desired hypothermia level (15° to 
20°C). When this is achieved, the planned opera- 
tion can be carried out with great ease and preci- 
sion due to the dry, still, and flaccid heart. 

Every 15 to 20 minutes, intermittent perfusion 
of cold solution for 30 to 60 seconds is followed 
by gentle suction through the venting route in 
order to prevent left ventricular overdistention. 
In this manner the coolant also serves as a means 
of replacement of the fluid lost during car- 
diopulmonary bypass. Itis important, however, 
to have some amount of coolant within the left 
ventricle constantly, as this acts by conduction 
to maintain persistent cooling of the endocar- 
dium and subendocardium. Added advantages 
of this technique become obvious when grafting 
the circumflex or the right coronary artery, in 
which the heart must be retracted from the 
pericardial cavity; the heart still can be effec- 
tively cooled with this method without interfer- 
ing with the operative procedure. 

A maximum of 2,000 ml of cooling solution is 
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fluid does not interfere with the moderate 
hemodilution, but rather helps in maintaining 
high flow rates during cardiopulmonary bypass 
and in providing a perfusion pressure of approx- 
imately 80 to 90 mm Hg. For long procedures (4 
to 6 aortocoronary saphenous vein grafts or 
valve replacement and coronary bypass graft- 
ing) the heart is usually defibrillated after 60 to 
90 minutes of aortic cross-clamping and is main- 
tained in the beating, nonworking state for 
another 5 minutes. The heart is then cooled 
again by the described method to provide 
another safe period of anoxic arrest. 


Results 


This method has been used in 50 consecutive 
unselected patients, all of whom had rapid re- 
covery of ventricular function after defibrillation 
on reinstitution of coronary blood flow. Pre- 
liminary studies show minimal levels of 
creatine phosphokinase-MB isoenzyme in 
the coronary sinus blood at the end of the 
hypothermic cardioplegia accomplished by this 
technique. An extensive clinical, physiological, 
biochemical, and ultrastructural investigation is 
now under way and will be reported separately 
[4]. However, the pilot results from this study 
confirm the superiority of the technique de- 
scribed. 
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The Technique of Ventricular Septal 
Defect Closure in L-Transposition 


of the Great Vessels 


Scott Stewart, M.D. 


ABSTRACT 
plication of ventricular septal defect closure in 


Heart block has been a frequent com- 


L-transposition of the great vessels. Intraoperative 
mapping of the conduction tissue combined with ac- 
curate suture placement should significantly reduce 
the incidence of heart block produced by direct injury 
to the conduction tissue. 


Complete heart block has been a significant 
complication in closure of the ventricular septal 
defect (VSD) or resection of subvalvular pul- 
monic stenosis in L-transposition of the great 
vessels (L-TGV). It is now possible to identify 
the unusual pathway of the specialized cardiac 
conduction tissue quickly and accurately at op- 
eration, but precise operative techniques are 
still necessary to avoid injury to it [1-3]. 

In L-TGV the bundle of His penetrates the 
floor of the atrium to enter the ventricular sep- 
tum at the right lateral confluence of the mitral 
valve and pulmonary valve annuli (Fig 1). The 
bundle usually passes beneath the pulmonary 
valve annulus before turning in a superior direc- 
tion to reach the cephalad rim of the VSD. It runs 
in a clockwise direction about the defect before 
branching inferiorly down into the lower sep- 
tum. Rarely, the bundle traverses the superior 
aspect of the pulmonary outflow tract, going ina 
clockwise direction around the pulmonary valve 
annulus to reach the upper edge of the VSD. 

We have had experience with 2 patients with 
L-TGV. One was a 14-year-old girl who also had 
an obstructing subpulmonic membrane. The 
other patient, a 7-year-old boy, had severe 
hypoplasia of the pulmonary valve annulus. In 
each patient the specialized conduction tissue 
was identified beneath the pulmonary outflow 
tract but cephalad to the VSD. Both VSDs were 
closed without disturbance to the conduction 
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tissue. An external conduit was used in the pa- 
tient with hypoplasia of the pulmonary valve 
annulus. 

The VSD is closed with a continuous suture 
through the patch material. The suture line be- 
gins at the base of the posterior leaflet of the 
mitral valve and moves in a superior direction 
onto the adjacent pulmonary valve annulus (Fig 
2). This transition suture from the mitral valve to 
the pulmonary valve must be placed directly 
into the pulmonary valve annulus to avoid the 
conduction tissue as it crosses the septum in this 
area. The suture line then moves in a coun- 
terclockwise direction in the annulus tissue 
until it is above the bundle of His. It then ad- 


Fig 1. The mitral and pulmonary valve annuli are 
contiguous. The bundle of His enters the ventricular 
septum at their junction and usually passes beneath 
the pulmonary valve but cephalad to the VSD. 
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Fig 2. A continuous suture through the patch mate- 
rial is used. It begins in the base of the posterior 
leaflet of the mitral valve and extends directly onto 
the pulmonary valve annulus. 


vances onto the septum but well superior to the 
upper rim of the VSD (Fig 3). As the suture line 
moves clockwise about the VSD, its lower mar- 
gin may approximate the lower edge of the de- 
fect. 

Subvalvular tissue obstructing the pulmonary 
outflow tract may be contiguous with the mitral 
and pulmonary valve annuli at the point at 
which the bundle of His enters the ventricular 
septum. Excision of this obstruction requires 
particular precision if the conduction tissue is to 
be avoided. If there is significant subvalvular 
stenosis that cannot be safely excised or if the 
pulmonary valve annulus is hypoplastic, then 
pulmonary artery-left ventricular continuity 
must be established with an external conduit. 





Fig. 3. The suture line continues in the pulmonary 
valve annulus until it is well beyond the conduction 
tissue. It then passes onto the ventricular septum. 


Since there is some variability in the precise 
location of the bundle of His, accurate identifica- 
tion by endocardial surface mapping is manda- 
tory prior to repair. 
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CASE REPORTS 


Ventricular Septal Defect due to Septal 
Infarction after Repair of Tetralogy of Fallot 


James Condon, M.D., Frederick B. Parker, Jr., M.D., 


and Watts R. Webb, M.D. 


ABSTRACT 
defect resulting from septal infarction following re- 


A case is reported of ventricular septal 


pair of a tetralogy of Fallot. The infarct probably 
resulted from division of a septal coronary artery 
during resection of the hypertrophied infundibulum. 
The superficial position of the septal artery on the 
right side of the septum in tetralogy makes it surpris- 
ing that this complication has not been previously 
reported. 


Once patched, a ventricular septal defect (VSD) 
should stay closed. Unfortunately, VSDs do not 
in all instances, and most series admit to a 10 to 
20% incidence of residual shunt in both isolated 
VSD [1, 6, 11] and tetralogy of Fallot [4, 7, 18]. 
The cause in practically every reported instance 
is leaking from the patch at its posteroinferior 
border, where the surgeon avoided the conduc- 
tion bundle by superficial suture placement and 
the sutures pulled out. The residual shunt is 
therefore caused by reopening of the original 
VSD. We recently encountered something quite 
different: a new VSD due to septal infarction. 


An 8-year-old girl was admitted on April 30, 
1973, for correction of tetralogy of Fallot. A heart 
murmur had been found at 6 weeks of age, and 
recently she had noted increasingly severe 
cyanotic spells and decreasing exercise toler- 
ance. On physical examination she was found to 
be small and thin, with mild circumoral and 
peripheral cyanosis at rest. The heart was not 
enlarged, and no thrills were palpable. A grade 
2/4 harsh systolic ejection murmur was heard in 
the third to fifth left intercostal spaces and was 
transmitted to the pulmonic area and well heard 
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posteriorly. The femoral pulses were greater 
than the brachial pulses. Routine laboratory 
data were within normal limits; the hematocrit 
was 46%. The preoperative electrocardiogram is 
shown in Figure 1. 

At cardiac catheterization she was found to 
have severe infundibular pulmonary stenosis 
with a gradient of 110 mm Hg, proximal and 
peripheral branch pulmonary stenosis, a high 
ventricular septal defect (Fig 2), and a right aor- 
tic arch. At operation a week later the pulmonary 
valvular stenosis was corrected by direct val- 
votomy through a vertical right ventriculotomy, 
the thickened infundibulum was widely re- 
sected, and a 1 X 2 cm ventricular septal defect 
was closed with a Dacron patch. There was no 
gradient across the pulmonary outflow tract 
after the right ventricle was closed. A large 
foramen ovale was closed through a right at- 
riotomy, and bypass was discontinued unevent- 
fully. 

The postoperative course was complicated 
and prolonged. In the first three days hypoten- 
sion persisted in the face of adequate intravascu- 
lar volume. Pulmonary edema and transient 
renal failure were treated with diuretics, fluid 
restriction, potassium-lowering measures, and 
epinephrine infusion. On the fourth postopera- 
tive day she began to have premature ventricu- 
lar contractions and bigeminy that required two 
days of constant infusion of lidocaine for con- 
trol. The arrhythmia persisted for ten days. A 
systolic murmur that was present early after op- 
eration became louder and was well heard both 
anteriorly over the precordium and posteriorly. 
On the twelfth postoperative day quinidine 
therapy was begun, which effectively controlled 
the ventricular ectopic activity. Her course was 
further complicated by pleural fluid accumula- 
tions necessitating thoracostomy, a staphylo- 
coccal wound infection treated with drainage 
and oxacillin, and congestive heart failure re- 
quiring salt and fluid restriction. She was dis- 
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Fig 1. Preoperative electrocardiogram. 





Fig 2. Right ventriculogram at preoperative 
catheterization. The aorta opacifies immediately 
through a high ventricular septal defect. 
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charged home on the fourteenth post-opera- 
tive day. 

Cardiac enzymes were markedly elevated on 
the first three postoperative days (Table). Elec- 
trocardiograms on the first and second post- 
operative days showed small Q waves in V3R 
and V, on the first postoperative tracing (Fig 3); 
but these did not persist (Fig 4), and myocardial 
infarction was not suspected. 

After discharge from the hospital the patient 
continued to have poor exercise tolerance, but 
there was no cyanosis and her lungs were clear. 
Hepatomegaly developed, and the heart became 
larger on examination and roentgenogram. Car- 
diac examination by 10 weeks postoperatively 
disclosed a thrill and a grade 3/6 harsh, blowing 
systolic murmurin the third to fifth leftintercos- 
tal spaces. She was thought to have a persistent 
ventricular septal defect. Her symptoms re- 
solved with administration of digoxin, 0.25 mg 
daily, and salt and fluid restriction; but cardiac 
enlargement was seen to be progressive on the 
chest roentgenograms, and a right ventricular 
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Postoperative Cardiac Enzymes after Initial Repair 
of Tetralogy of Fallot 





Postop CPK SGOT LDH 
Day (U/ml) (U/ml) (U/ml) 
1 1,160 610 1,400 
1,440 5,100 4,620 
3 970 2,045 1,860 





CPK = creatine phosphokinase; SGOT = serum glutamic 
oxaloacetic transaminase; LDH = lactic dehydrogenase. 


strain pattern developed on the electrocardio- 
gram. 

Right and left heart catheterization studies 
were again performed 15 months after opera- 
tion. A 60 mm Hg gradient persisted across the 
pulmonary valve, and the ventriculogram (Fig 5) 
showed equal bidirectional shunting across a 
ventricular septal defect. 

At reoperation 217? months after operation 
the patch was inspected through a right ven- 
triculotomy; it was well endothelialized, and 
there was no evidence of leakage. However, 
there was a 1.0 X 1.5 cm defect with a rim of 
fibrous tissue lower in the muscular septum. 
The new septal defect was patched with Dacron 
mesh and pledgeted sutures, and a pulmonary 
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valvotomy was performed that reduced the 
pressure gradient between the right ventricle 
and the pulmonary artery to zero. Her post- 
operative course was uneventful, and she was 
discharged home on the tenth postoperative 
day. Subsequently she has been asymptomatic, 
with greatly improved exercise tolerance. 


Comment 


Our first thought was that the second septal 
defect had been present all along and had been 
missed at the initial operation; Rieker and co- 
workers [18] had one such patient, and muscular 
VSDs sometimes can be hard to find [3]. This 
particular defect, however, was large, single, 
and obvious. Furthermore, the ventriculograms 
before each operation (compare Figs 2 and 5) 
show the shunts at differentlevels. One explana- 
tion might be that excessive infundibular resec- 
tion left a weakened septum that ruptured after 
operation; this has been reported after septal 
resection in idiopathic hypertrophic subaortic 
stenosis [17] but never, to our knowledge, in 
tetralogy. It was not the cause of our patient's 
recurrent VSD, because the upper border of the 
VSD was at least 2 cm below the lower limits of 
the infundibular resection. 

A more plausible explanation is that this VSD 












Fig 3. The electrocardiogram early after operation. 
Insignificant Q waves are present in V, and Vg. 
Leads Vs and V; are omitted because of the dressing. 
Serum potassium was 6.4 mEq per liter. 
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Fig 4. The electrocardiogram 12 days after operation. 


Tracing shows right bundle-branch block. 


resulted from septal infarction secondary to re- 
section of a large anterior perforating septal ar- 
tery during the infundibulectomy. The usual 
source of the septal blood supply in tetralogy is 
from branches of the posterior descending arte- 
rial branch of the right upper coronary artery, 
and accordingly infundibular resection does not 
place the septal blood supply in jeopardy. How- 
ever, in those few patients in whom the septum 


Fig 5. Right ventriculogram before second operation, 
showing visualization of the left ventricle. The 
septum is intact at the site of the previous repair. 
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is supplied by the left anterior descending coro- 
nary artery, the descending septal branch is ab- 
normally large; Taguchi [19] predicted that in- 
terruption of such a branch might cause septal 
infarction and recurrence of the VSD. Meng and 
colleagues [15] in a postmortem series reported a 
heart in which resection of the septal band had 
exposed and severed the first anterior perforat- 
ing septal artery. No clinical details accompany 
their report except that a VSD did not result and 
the patient died. A ventricular septal defect can 
result from sudden interruption of any large sep- 
tal artery, though this has not been reported in 
children [10, 14] or after repair of tetralogy [5, 
13]. The septal arteries are particularly vulnera- 
ble during infundibulectomy since they lie on 
the right side of the septum over most of their 
course [12], rather like the arteries supplying the 
free walls of the left ventricle. They are essen- 
tially surface vessels that penetrate the left ven- 
tricular wall only as they reach their terminal 
arborizations. Myocardial infarction, aside from 
that caused by interruption of anomalous coro- 
nary arteries [2, 9, 16], israre in tetralogy [8]; and 
the diagnosis is made more difficult by the facts 
that the electrocardiogram often does not corre- 
late with myocardial ischemia [20] and that the 
usual enzymes are elevated by the trauma of 
operation (isoenzyme studies were not available 
at the time of her first operation). Nonetheless, 
her early postoperative course was complicated 
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by low cardiac output, ventricular arrhythmias, 
a new murmur, and worsening failure on the 
third postoperative day, and she had a pro- 
tracted recovery that was not at all typical of the 
usual postoperative course but that was more 
compatible with a septal infarction resulting in a 


VSD. 

This complication must be rare, but it is re- 
ported because of its serious nature. It can prob- 
ably be avoided during widening of the outflow 
tract by resecting more of the parietal and less of 
the septal band; it should be anticipated when a 
sizable vessel is encountered during infun- 
dibulectomy. 
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Candida albicans Infection 


of Sternum and Costal Cartilages: 
Combined Operative Treatment and 
Drug Therapy with 5-Fluorocytosine 


Frank E. Thomas, Jr., M.D., Charles E. Martin, M.D., 
R. Darryl Fisher, M.D., and Robert H. Alford, M.D. 


ABSTRACT Two patients with candidal sternal os- 
teomyelitis have been successfully treated by opera- 
tive debridement and adjuvant drug therapy with 
5-fluorocytosine. One patient had developed post- 
operative candidal wound infection after sternotomy, 
and the other acquired candidal sternal osteomyelitis 
The 
suggested by culture, was confirmed by identifica- 
tion of Candida pseudohyphae in debrided tissue. 


following Candida fungemia. diagnosis, 


Histological confirmation of candidal sternal os- 
teomyelitis indicates the need for operative debride- 
ment and specific systemic antifungal therapy. The 
drug 5-fluorocytosine appears to provide effective 
oral therapy in this situation. 


Sternal osteomyelitis with costal chondritis is a 
rare complication after median sternotomy [19, 
20], and osteomyelitis of the sternum resulting 
from hematogenous dissemination is even more 
uncommon [3]. Recently we have managed 2 
patients with candidal sternal osteomyelitis and 
adjacent costal chondritis. Candida albicans 
rarely causes serious illness unless the host's 
immune mechanisms are defective, but these 2 
patients developed chronic candidal os- 
teomyelitis despite normal cell-mediated im- 
munity to Candida. 


Patient 1 


A 52-year-old obese white man underwent aor- 
tocoronary saphenous vein bypass grafting in 
1972 at another institution. Dehiscence of the 
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sternotomy incision occurred 1 week after oper- 
ation. During the next two years sternal tender- 
ness and intermittently draining sinus tracts 
persisted in spite of four operative debride- 
ments and repeated courses of antibiotics for 
presumed bacterial infection. In 1974 C. albicans 
was the only organism that grew from multiple 
cultures of the sinus tract drainage. Lamina- 
grams of the sternum demonstrated roentgeno- 
graphic changes of chronic osteomyelitis. Exci- 
sion of the lateral third of the upper sternal body 
and the second and third costal cartilages was 
performed, and fungal infection was confirmed 
by the histological identification of invasive 
Candida pseudohyphae in the excised tissue (Fig 
1). Treatment was then begun with 150 mg/kg of 
5-fluorocytosine (Ancobon) in four divided oral 
doses daily. One week following the debride- 
ment the wound was completely closed by a 
rotational pectoral flap. Oral 5-fluorocytosine 
was continued for 3 months. He has remained 
well without evidence of recurrent infection for 
the past 16 months. 


Patient 2 


A 49-year-old white man developed a tender 
mass in the anterior chest wall in the 3-month 
interval after undergoing laparotomy for an in- 
traabdominal abscess and enterocutaneous fis- 
tula complicating appendectomy. Before that 
operation he had received multiple antibiotics 
and maintenance fluids by central venous 
catheters. Blood cultures obtained at the time of 
laparotomy had grown C. albicans. The patient 
received total parenteral nutrition through a 
subclavian intravenous catheter for 2 weeks 
after operation, during which time three urine 
cultures also grew C. albicans. At this admission 
the involved left second costal cartilage and lat- 
eral inferior portion of the manubrium were re- 
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Fig 1. (A) Biopsy specimen from costal cartilage in 
Patient 1: low-power magnification of invasive 
Candida pseudohyphae.(Gomori methenamine 
silver stain; original magnification X100.) (B) 
High-power magnification of Candida 
pseudohyphae from costal cartilage biopsy. (Gomori 
methenamine silver stain; original magnification 
x1,000.) 
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Fig 2. (A) Biopsy specimen from costal cartilage in 
Patient 2: low-power magnification demonstrates 
invasive Candida pseudohyphae. (Gomori 
methenamine silver stain; original magnification 
X100.) (B) High-power magnification of Candida 
pseudohyphae from costal cartilage biopsy. (Gomori 
methenamine silver stain; original magnification 
1,000.) 
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sected following 5 days of oral 5-fluorocy- 
tosine therapy. Invasive Candida forms were 
demonstrated in the excised tissue (Fig 2). After 
operative debridement, 5-fluorocytosine was 
continued for 3 months. The wound healed 
promptly, and the patient has remained well for 
14 months after completion of antifungal 
therapy. 

Both patients were evaluated for cell- 
mediated immunity to the C. albicans antigen. 
Delayed hypersensitivity skin tests to a 1:500 
dilution of C. albicans extract (Hollister-Stier) 
were positive. In addition, peripheral blood 
lymphocytes were cultured in the presence of 
Candida extract using standard methodology for 
lymphocyte transformation [1]. Thymidine up- 
take of Candida-stimulated lymphocytes was 
normal, with the ratio of stimulated to unstimu- 
lated lymphocytes being 21.3 for Patient 1 and 
8.7 for Patient 2 (normal values, 4). No defect in 
cell-mediated immunity could be demonstrated 
in either patient by these methods. 


Comment 


Osteomyelitis of the sternum most commonly 
occurs as a complication of median sternotomy 
or other operative incisions [1, 12, 18-20]. The 
etiological agent is usually Staphylococcus aureus 
or gram-negative bacteria [3, 20]. Although C. 
albicans is occasionally cultured from these 
chronic wounds, it is usually considered a sup- 
erficial contaminant. Experience with these 2 
patients indicates that this ubiquitous fungus 
can be a primary agent in sternal and cos- 
tochondral infections. 

Cultures of Candida from drainage sites 
should be considered suggestive of deep-seated 
fungal infections, particularly when other 
pathogens are not cultured. Yeast forms in 
stained exudates and histological material are 
only suggestive of Candida as a pathogen. Since 
superficial Candida infections are common in pa- 
tients treated with antibiotics, confirmation of 
invasive Candida infections is necessary when 
long-term antifungal chemotherapy is antici- 
pated [16]. Histological identification of Candida 
pseudohyphae in excised tissue is the absolute 
criterion for diagnosis of invasive Candida infec- 
tion. 


Although candidal osteomyelitis has been re- 
ported [4, 7, 11], we have found no previous 
mention of candidal sternal osteomyelitis result- 
ing from hematogenous dissemination. In Pa- 
tient 2, long-term broad-spectrum antibiotic 
therapy and intravenous hyperalimentation 
probably were responsible for the Candida sep- 
sis. Antibiotics appear to potentiate Candida 
growth by suppression of normal bowel flora 
with resultant Candida overgrowth [13]. High 
bowel counts of Candida facilitate passage across 
the intact bowel mucosa [5, 9, 16] with sub- 
sequent hematogenous dissemination. 

The principal immunological host defense 
against Candida appears to be cell-mediated 
immunity initiated by small, recirculating 
T-lymphocytes [8]. The propensity for persons 
with diabetes or granulocytopenia and persons 
receiving adrenal corticosteroid treatment to 
develop Candida infections suggests causal roles 
for these factors and probably other incom- 
pletely understood defense mechanisms [10]. 
Both patients demonstrated normal cell- 
mediated immunity by delay-type Candida skin 
tests and lymphocyte transformation, which 
seems to indicate that direct or hematogenous 
Candida inoculation can on occasion produce os- 
teomyelitis in persons with presumably normal 
host defense mechanisms. 

The fluoropyrimidine 5-fluorocytosine (An- 
cobon) was the sole antifungal agent used for 
these 2 patients. This antimicrobial has been 
shown to be effective against Candida, Cryp- 
tococcus, and Aspergillus fumigatus infections [6, 
15, 17]. It is an oral antifungal drug that is well 
tolerated and diffuses effectively into body 
fluids and tissues [14]. The relatively high dos- 
age (150 mg/kg/day) was selected to avoid de- 
velopment of secondary resistance, which has 
occurred during therapy with lower doses of the 
drug [2, 6]. Although therapy was continued for 
3 months without complication in both patients, 
shorter courses might be adequate. 

The outcome of operative debridement and 
5-fluorocytosine therapy for chronic candidal 
sternal osteomyelitis in these 2 patients was 
gratifying. Specific histological examination of 
tissue from patients with sternal infections 
which culture Candida is the keystone to proper 
treatment. The demonstration of invasive Can- 
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dida forms in the excised tissue should suggest 
the need for adequate operative debridement 
and specific adjunctive antifungal chemother- 


apy. 
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NOTE 


A Comment on Aortic Perfusion Cannulas 


Lawrence I. Bonchek, M.D. 


ABSTRACT An improved aortic perfusion cannula 
is described. The portion that passes through the 
aortic pursestring suture is tapered. The cannula can 
thus adapt to any enlargement of the cannulation site 
and minimize annoying leakage of blood during car- 
diopulmonary bypass. 


Cannulation of the ascending aorta for car- 
diopulmonary bypass has been preferred by 
most cardiac surgeons for more than a decade, 
yet articles continue to appear regularly that de- 
scribe techniques for achieving this objective 
without mishap or frustration [1, 2]. We infer 
from the recent and continuing dialogue in 
thoracic surgery journals that perfection of tech- 
niques and equipment is still sought, and we are 
encouraged by this to offer a modest suggestion 
for improving aortic perfusion cannulas. 

We have found the major source of aggrava- 
tion following ascending aortic cannulation to 
be occasional leakage of blood around the can- 
nula. Even though care is taken to make a small 
aortotomy, the incision may split slightly and 
extend itself when the application of an occlud- 
ing or partially occluding clamp for valve re- 
placement or saphenous vein anastomosis tem- 
porarily distorts the aorta. This is particularly 
true if multiple anastomoses are necessary on a 
short aorta. Annoying leakage is minimized or 
controlled by retightening the circumferential 
suture if the first one has partially pulled 
through the tissue, or by using a circumferential 
suture with Teflon-felt bolsters. These maneu- 
vers are annoying and time-consuming and, in 
any event, may not completely prevent some 
subadventitial dissection of blood. 

It seems much simpler to use a tapered can- 
nula that will accommodate itself to the enlarged 
aortotomy rather than attempting to coerce the 
tissue to conform to a cannula that has become 
too small to occlude the enlarged opening. A 
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tapered cannula can be advanced into the aorta if 
the aortotomy extends spontaneously. Unfortu- 
nately, the cannulas now marketed* are either 
straight and nontapered or have a shoulder just 
proximal to the tip. This shoulder prevents 
overzealous advancement of the cannula and isa 
convenient restraint for an anchoring ligature, 
but we consider it more a liability than an asset, 
as we have never experienced inadvertent re- 
moval of a cannula. We prefer the option of 
manipulating the cannula if necessary. 

The cannula we now use (Figure) is bent at an 
angle of 135 degrees to avoid cannulation of the 
innominate artery. The bevel is directed toward 
the lesser curve of the aorta, rather than the 
greater curve, in order to direct flow around the 
arch. Most importantly, the cannula tapers 
gradually over a 3 cm distance between the two 
lines (see the Figure). The distal line serves as an 
indicator for initial insertion of the cannula so 
that any movement relative to the aorta will be 
apparent immediately. The proximal line marks 
the end of the tapered section. The cannulat is 
available in various sizes, but we routinely use 
the 26F size to minimize the hemolysis created 
by small cannulas that cause high pressure gra- 
dients. This size is readily inserted in almost any 
adult aorta. 

Cannulation is accomplished by applying a 
partially occluding clamp to the distal ascending 
aorta. A single pursestring suture of 2-0 braided 
Dacron is then inserted, a3 to4 mm longitudinal 
incision is made with a No. 11 scalpel blade, 
each side of the incision is held with a forceps, 
and the cannula is inserted as the clamp is re- 
leased. The pursestring suture is passed through 
a tourniquet and is snugged down, a heavy silk 
ligature is tied around both the tourniquet and 
the cannula at the level of the chest wall, and the 
same silk ligature is secured to the margin of the 
operative field. If bleeding occurs due to hyper- 
tension, distortion of the aorta, cystic medial 


*Sarns Inc, USCI, and others. 
tUnited States Catheter Corp Inc, Billerica, MA 01821. 
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The aortic perfusion cannula. The beveled tip is firm 
but not rigid; circumferential lines demarcate the 
tapered portion. Wall thickness in the wide portion ts 
2mm to prevent kinking. The proximal end accepts a 
¥g inch (9.5 mm) connector. 


necrosis, or other factors, the silk ligature is cut, 
the cannula is advanced 1 to3 mm, and a ligature 
is again used to secure the cannula and tour- 
niquet to the margin of the operative field—all 
in a matter of moments. The tourniquet need not 
be readjusted. 

In actual practice repositioning of the cannula 
is now hardly ever necessary, although with or- 
dinary cannulas in the past we commonly were 
obliged to retighten the pursestring suture. This 
is because we, like others, secure the cannula to 
the margin of the field with a gentle arc toward 
the aorta that maintains constant inward pres- 
sure. This pressure is now functional, since it 
allows the tapered cannula to act as a natural 
obturator for the aortotomy. With other can- 
nulas, this inward pressure only lessens the 
chance of inadvertent cannula dislodgment. 


We again apply a partially occluding clamp 
when removing the cannula in order to allow 
leisurely tying of the pursestring suture and in- 


sertion of a reinforcing simple over-and-over 
suture. 

The cannula has fulfilled our objectives for it 
during routine use for the past year. The addi- 
tion of the tapered section, though an unobtru- 
sive and seemingly minor change, has mate- 
rialy decreased the aggravation of aortic 
cannulation. We prefer aortic cannulation in 
all patients and often attach four saphenous 
veins to a cannulated ascending aorta by using a 
partially occluding clamp applied during total 
cardiopulmonary bypass. 
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A Monitor for the Continuous Assessment 
of Left Ventricular Performance 
after Open-Heart Operations 


A. E. Farnsworth, FRCS, T. A. Angerpointner, M.D., G. J. R. Lewis, MRACP, 
P. R. Bourne, MSc, MIEE, and B. T. Williams, FRCS 


ABSTRACT A cardiac monitoring system has been 
developed that incorporates phasic aortic blood flow 
measurement by an extractable electromagnetic flow 
probe and high-fidelity arterial blood pressure re- 
cordings. Cardiac output, stroke volume, and peak 
aortic blood flow are measured continuously; using 
logarithmic amplifiers, the pressure-flow derivatives 
of left ventricular function, such as cardiac power and 
stroke work, are obtained beat by beat. This monitor 
is used to follow the postoperative course of patients 
undergoing cardiac operations and to evaluate the 
hemodynamic effect of therapeutic agents. 


Although cardiac output is probably the best 
index of cardiac performance after open-heart 
operations, its measurement is not routine and 
its adequacy is assessed indirectly by measure- 
ment of arterial blood pressure, atrial pressure, 
urine volume, and skin temperature. These 
measurements give only a guide to trends in 
cardiac output and arterial blood pressure, and 
urine volumes have been shown to correlate 
poorly with the measured cardiac output [4]. 
Indicator-dilution techniques have been used to 
measure cardiac output in the postoperative 
period but have the disadvantage of supplying 
an isolated and not a continuous recording. 
Also, the accuracy of the dye-dilution method at 
high blood flow rates and with valvular regurgi- 
tation has been questioned [2]. 

In contrast, the electromagnetic flowmeter 
provides a continuous record, and its accuracy 
has been established over a wide range of flow 
rates. The combination of continuous blood 
flow measurement and high-fidelity blood pres- 
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sure recording allows stroke volume, stroke 
work, and vascular afterload to be quantitated. 
A cardiac monitor incorporating pressure and 
flow recordings and their derivatives has been 
developed to follow the postoperative course of 
patients undergoing cardiac operations. 


Flow and Pressure Measurement 


While the chest was open, a rigid electromagne- 
tic flow probe was placed around the ascending 
aorta. For postoperative aortic flow mea- 
surements a series 900 Williams-Barefoot ex- 
tractable flow probe* and a CME Cliniflow 601D 
flowmeter* were used. The basic electronic de- 
tails and technique for insertion and removal of 
the extractable flow probe have been described 
previously [5]. Briefly, the flexible flow probe is 
placed around the ascending aorta and is 
brought out to the surface by way of an extra- 
pleural tunnel through a small incision to the 
right of the sternum. A monofilament nylon 
thread and a rubber snare, both of which secure 
the probe in position, are also brought out to the 
exterior along this tract. When monitoring is no 
longer required, the external snare is cut and the 
nylon removed. This releases the probe, which 
is extracted by gentle traction. 

The flowmeter is of the square wave type, is 
electrically isolated from the patient, and has a 
digital readout of mean flow. The meter has a 
frequency response of 12.5 Hz, which gives 
a clean flow signal but reduces its sensitivity. 
At a heart rate of 130 beats per minute, filtering 
the flow signal to this degree attenuates peak flow 
by 5% and maximal acceleration of flow by 7.5% 
[3]. This system was calibrated against both pul- 
satile and constant flow in a test rig prior to use 
[5]. 


For the calculation of cardiac power and stroke 
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work, a system with a frequency response of 25 
Hz is required to record the pressure events in 
the left ventricle and aorta [1]. Therefore a Millar 
PC 350 catheter-tip transducer* was adapted by 
connecting the Luer fitting supplied with it to a 
three-way tap and an 18-gauge needle. This ap- 
paratus was flushed with carbon dioxide and 
then carefully filled with a heparin and saline 
solution to exclude all air. The adapted Millar 
system was found to have a flat response to 40 
Hz in a water-filled test rig that was capable of 
producing constant-amplitude sine-wave pres- 
sure changes. For postoperative studies a simi- 
lar system was connected to a polyethylene can- 
nula inserted in the femoral artery. 


Cardiac Monitor 


The electronic apparatuses that record and pro- 
cess the pressure and flow signals are assembled 
on a trolley for bedside use (Fig 1). The basic 
arrangement of the monitor is shown in Figure 
2. The pressure, flow, and ECG signals pass 
through a tape recorder to an analog computer, 
which is programmed to calculate stroke vol- 
ume, stroke work, ventricular power, and a 
measure of vascular afterload. An end-diastolic 
marker is generated from the R wave of the ECG 
and is displayed as a vertical line on the oscillo- 
scope. The flow trace is zeroed at the end of dias- 
tole of each cardiac cycle, and a manual delay 
allows the flow and pressure signals to be 
aligned to the marker on the oscilloscope. The 
end-diastolic marker activates integration of the 
forward flow signal to give stroke volume. The 
Millar pressure signal is multiplied by aortic 
flow using logarithmic amplifiers, the product 
being left ventricular power, the positive part of 
which is integrated to give stroke work. An 
index of vascular afterload is supplied by divid- 
ing arterial pressure by aortic flow, again using 
logarithmic amplifiers. These derived values of 
ventricular performance are displayed digitally 
on the computer console. 

The flow signal, up to four pressure signals, 
ECG, and instantaneous ventricular power and 
afterload can be displayed on a Cardiac Recorder 
eight-channel, 28 cm oscilloscope with a type 99 


*Millar Instruments Inc, PO Box 18227, Houston, TX. 
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Fig 1. Cardiac monitor. On top is the computer and 
amplifying unit; below is the oscilloscope, control 
unit, and flowmeter; and at the bottom is the tape 
recorder. 


control unit* (Fig 3). The flow, pressure, and 
ECG signals are stored on tape by a Philips 
Analog 7 FM tape recorder.t The routing of the 
raw data through the tape recorder to the com- 
puter ensures that recorded and original signals 
are treated identically by the computer. 


Data Processing 


In addition to computation of stroke work, ven- 
tricular power, and ventricular afterload by the 
bedside monitor, the data on tape can be sub- 
mitted to sophisticated analysis by a Varian 
620L/100 digital computer.f The computer is 
programmed to derive not only the indices of 
cardiac performance already mentioned but also 
maximal acceleration of flow (max d,/di) and 
maximal rate of development of power (max 


*Cardiac Recorders Ltd, 34 Scarborough Rd, London N4, 
England. 


tPhilips, NV, Gloeilampenfabrieken, Eindhoven, Nether- 
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171 Note: Farnsworth et al: Monitor of Left Ventricular Performance 


s 
a 
hr 
a 


PRESSURE 
AMPLIFIERS 











TAPE INTER - 
FACE AND 
RANGE 

SELECTOR 










CALIBRATION 
TRIMS 


[79 


FLOW PRESS, RATE 







o aða o 


FLOWMETER 
601D 






VENTRICULAR 
POWER AND 


FLOW ZERO 





Fig 2. Schematic diagram of signal processing. 
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can be displayed continuously on the oscilloscope. 
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dpower/d,). This information can be analyzed by a 
general-purpose statistics program by the com- 
puter. 


Clinical Application 

This cardiac monitoring system has been de- 
veloped to provide more precise postoperative 
care of the patient undergoing a cardiac opera- 
tion. The extractable flow probe has been used 
on more than 150 occasions in the past three 
years and has remained in situ for up to 15 days 
without complication. The monitor allows ex- 
tremely convenient measurement of cardiac 
output postoperatively in all patients and has 
been found most useful in those with com- 
promised circulation. Because pressure and flow 
records are supplied continuously, detailed in- 
stantaneous information on the cardiovascular 
behavior of patients having heart operations is 
possible for the first time. 

As an example, the response to a nitroprus- 
side infusion of 50 ug/min is shown in Figure 4. 
A marked increase in cardiac output was accom- 
panied by a lowered left atrial pressure, stroke 
work, and vascular afterload. The rapid onset 
and cessation of action of the drug is also dem- 
onstrated. Figure 5 shows the cardiovascular 
response to a Valsalva maneuver. While the sys- 
temic blood pressure is raised, the cardiac out- 
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Fig 4. Response to infusion of nitroprusside at 50 
pglmin. 


put falls; the left atrial pressure and stroke work 
are elevated. This instantaneous and continuous 
record is also proving to be an invaluable re- 
search tool for systematically quantitating the 
effects of respiratory interventions and adminis- 
tration of a wide range of drugs on a patient 
postoperatively. 
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COLLECTIVE REVIEW 


Anesthesia and Postoperative 


Care for Cardiac Operations 


Sait Tarhan, M.D., Roger D. White, M.D., and Emerson A. Moffitt, M.D. 


ABSTRACT Almost three decades have passed 
since the establishment of open-heart surgery, and in 
such a short life span the specialty has established 
itself scientifically and reached a certain maturity. 
New techniques, better understanding of the 
pathophysiology of cardiac problems, and the effec- 
tive use of new drugs constantly improve the results 
of operation. Greater experience in anesthetic man- 
agement and improved postoperative care will con- 
tribute much to the success of this youngest surgical 
specialty. This review outlines the current principles 
of anesthesia and postoperative care of patients un- 
dergoing cardiac operations. 

Preanesthetic evaluation provides guidance for an- 
esthetic management, supportive techniques, and 
postoperative care. During operations, light anes- 
thesia is usually sufficient for patients with cardiac 
disease and minimizes myocardial depression. 
Monitoring must provide data on the physiological 
changes that are taking place from moment to mo- 
ment during and after operations. Perfusion pro- 
duces a highly abnormal state, and the severity of 
complications varies with its duration. Introduction 
of new drugs has also facilitated hemodynamic man- 
agement during and after operations. 

Postoperative care is based on careful observation 
of the patient and early detection of trends, both of 
which lead to preventive rather than curative treat- 
ment whenever possible. 


Open-heart surgery has entered the third de- 
cade of its existence. In a short life span it has 
become a firmly established science, and a cer- 
tain maturity has been reached. Yet new tech- 
niques and better understanding of the 
pathophysiology of cardiac problems and the 
effects of new drugs are constantly improving 
the results of operation. Undoubtedly, a greater 
experience in anesthetic management and post- 
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operative care has reduced the risks in this 
youngest surgical specialty. 


Preoperative Assessment of the Patient 


Preanesthetic evaluation of the patient provides 
a guide for anesthetic management, supportive 
techniques, and postoperative care. Poor car- 
diopulmonary status before operation, whether 
caused by intractable heart failure, recurrent 
pulmonary edema, or severe mitral or 
multiple-valve disease, often presages circula- 
tory and respiratory impairment after operation, 
which indicates the need for intensive therapy 
postoperatively such as endotracheal intuba- 
tion, chest physiotherapy, and intermittent 
positive-pressure breathing. 

The patient's circulatory status can be as- 
sessed by observation. Peripheral cyanosis, 
clubbing of fingers, and cold feet, ears, and nose 
may be clues to postoperative cardiorespiratory 
complications. Patients with shortness of 
breath, congestive heart failure, high jugular 
venous pressure, and high pulmonary vascular 
resistance are most likely to need respiratory 
assistance postoperatively. 

Adult patients with advanced cardiac disease 
may have a long history of chronic bronchitis 
preceding the development of cardiac symp- 
toms, and often it is difficult to decide whether 
dyspnea results from primary lung disease or 
from secondary lung dysfunction. In either cir- 
cumstance, treatment with diuretics and dig- 
italis preoperatively may improve cardiac per- 
formance and eliminate pulmonary water, 
which in turn improves ventilation and oxygen- 
ation. 

Drugs that the patient was taking before oper- 
ation may influence management during and 
after the procedure. The use of digitalis, diuret- 
ics, corticosteroids, beta-adrenergic blocking 
agents, or monoamine oxidase inhibitors is par- 
ticularly important to note. 

Patients who have been treated with cardiac 
glycosides and with diuretics for a long time 
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may have reduced total-body potassium, with 
or without alow concentration in the serum [32]. 
Potassium depletion increases sensitivity to dig- 
italis, and occurrence of arrhythmias is in- 
creased with potassium depletion in the pres- 
ence of therapeutic concentrations of digitalis 
during and after operations [21]. Recent studies 
also suggest that myocardial sensitivity to toxic 
effects of digitalis is increased during the first 24 
hours after cardiopulmonary bypass, even if the 
serum potassium level is normal [38, 42]. We 
terminate the intake of digitoxin at least three 
days and digoxin at least 36 to 48 hours 
preoperatively. These patients tolerate tempo- 
rary withdrawal of digitalis well. 

If arrhythmias develop during the first 24 
hours after cardiopulmonary bypass, the 
preoperative assay of serum digitalis may be a 
useful adjunct to other measurements such as 
arterial blood gases, serum pH, and serum 
potassium in the interpretation of causative fac- 
tors. If the preoperative value of digoxin is 1.2 
ng/ml or higher and arrhythmias exist, a toxic 
effect of digitalis should be suspected, and this 
suspicion may lead to a more rational therapeu- 
tic approach [38]. 

Propranolol hydrochloride is the other drug 
that causes some concern to anesthesiologists. 
This beta-adrenergic blocking agent is useful in 
managing angina pectoris, hypertension, cer- 
tain cardiac arrhythmias, and hypertrophic sub- 
aortic stenosis. By blocking cardiac beta- 
receptors, propranolol siows the heart rate and 
decreases myocardial contractility, thereby re- 
ducing cardiac output [14]. Thus, residual beta- 
adrenergic blockade during operation may 
make termination of extracorporeal circulation 
and reestablishment of a satisfactory circulation 
difficult because of depressed cardiac function. 
The adequate safe withdrawal period for com- 
plete myocardial tissue elimination of pro- 
pranolol is reported to be 24 hours [18], yet we 
prefer to stop the administration of this drug at 
least 48 hours before operation. During the past 
two years, some reports have described ven- 
tricular arrhythmias, severe angina, and myo- 
cardial infarction after the abrupt cessation of 
propranolol therapy in patients with angina pec- 
toris. The withdrawal phenomenon has now 
been recognized and may be avoidable [44]. Yet 


the mechanism of these adverse reactions to 
withdrawal is not known. If angina or severe ven- 
tricular arrhythmias recur, it may be safer to 
reinstitute therapy. The possible danger of in- 
farction after withdrawal must be weighed 
against its depressant effect on the myocardium 
during emergence from cardiopulmonary 
bypass. 

Hemostasis during and after cardiac opera- 
tions may be influenced by inherited bleeding 
disorders. A careful history may uncover prob- 
lems. Routine coagulation disorders, even in pa- 
tients with unknown bleeding problems, may 
disclose a number of deficiencies. Von 
Willebrand’s disease is the most commonly 
diagnosed inherited bleeding disorder [3]. Un- 
like clinical hemophilia, the disease affects both 
men and women. The diagnosis can be made 
when there is prolonged bleeding time, a low 
level of Factor VIII, and decreased platelet adhe- 
siveness. In managing a patient with von 
Willebrand’s disease, the major objective is to 
maintain an adequate level of Factor VIII. These 
patients must be transfused with 2 or 3 units of 
fresh-frozen plasma, or their level of Factor VIII 
can be raised by the use of either cryoprecipi- 
tated or lyophilized human antihemophilic fac- 
tor [3]. 

Salicylates may prolong the bleeding time, 
which will return to normal if the drug is discon- 
tinued. Vitamin K deficiency also creates bleed- 
ing problems that are usually secondary to 
alteration of liver function because of chronic 
congestive heart failure. 

Electrolyte concentrations in the blood have a 
significant effect on the patient’s behavior dur- 
ing and after operation. Potassium is the most 
important of these. Its role in the excitability of 
nerve, skeletal muscle, and cardiac muscle is 
well known. Excitability of these cells depends on 
the ratio of intracellular to extracellular potas- 
sium concentration [51]. Patients undergoing 
cardiac operations may have been treated with 
diuretics and digitalis, and their total-body 
potassium may have been depleted. 

Clinically evident hypokalemia usually does 
not occur until the serum potassium concentra- 
tion is less than 2.5 mEq/L. Clinical signs include 
weakness of most muscles, bradycardia, and ar- 
rhythmias. Prolongation of the Q-T interval and 


175 Collective Review: Tarhan, White, and Moffitt: Anesthesia and Postoperative Care for Cardiac Operations 


sagging of the S-T segment on the electrocar- 
diogram are typical. Occasionally a low- 
amplitude U wave can be seen. 

Another consequence of potassium loss is 
metabolic alkalosis. Hydrogen ion replaces 
potassium ion within the cells so that intracellu- 
lar acidosis may accompany extracellular al- 
kalosis [51]. Hypokalemia should be corrected 
before operation. The oral administration of 
potassium is preferable, because it does not 
cause any sudden change in serum potassium 
levels. However, if time is limited before opera- 
tion, intravenous therapy may be required to 
increase the serum potassium concentration. In 
our laboratory, serum potassium values in the 
range of 3.6 to 4.8 mEq/L are considered normal. 
However, if the serum potassium is 3 mEq/L or 
higher, we elect to proceed with anesthesia. 

Preoperative evaluation may include the data 
obtained from recent cardiac catheterization; 
such knowledge may reflect the outcome of the 
operation. For example, patients undergoing di- 
rect myocardial revascularization with marked 
depression of ventricular performance* due to 
coronary disease may have a significantlv in- 
creased risk of operative mortality [24]. 


Premedication 


Many different combinations of sedatives, tran- 
quilizers, and opiates can provide proper seda- 
tion. As the mainstay of premedication, we rely 
on pentobarbital and morphine. For adults, pen- 
tobarbital is given orally (dose 2 mg/kg, 
maximum 100 mg) 2 hours before operation and 
morphine is administered intramuscularly 
(dose 1 mg/5 kg, maximum 10 mg) 1 hour before 
operation. For children, pentobarbital is given 
by rectum (dose 4 mg/kg) and morphine is given 
intramuscularly according to weight, except that 
children who weigh less than 10 kg generally are 
not given morphine. 

Belladonna derivatives and related drugs can 
be omitted from the premedication because 
bronchial secretions are not increased if these 
drugs are not used and they may cause an unde- 
sirable increase in heart rate [36], body tempera- 


"Defined as having an ejection fraction equal to or less than 
3396, an end-diastolic volume equal to or greater than 103 
ml/m”, or a left ventricular end-diastolic pressure equal to or 
greater than 18 mm Hg. 


ture, and the incidence of arrhythmias [16]. If a 
vagolytic drug is needed during anesthesia, at- 
ropine zan be given intravenously in small, con- 
trolled increments until the desired effect is 
achieved. 


Anesthesia 

A patient with cardiac disease cannot tolerate 
the depressive effects of anesthetics as well as a 
patient with a normal heart can. Therefore, use 
of a light anesthesia or of anesthetics with no 
myocardial depressive effects has been impera- 
tive in cardiac operations. The anesthesiologist 
must understand the basic pathophysiological 
events in any given situation. The effects of each 
drug should be considered in formulating the 
anesthetic approach. 


Induction in Adults 


Induction is the critical period of anesthetic 
management. As soon as the patient is placed on 
the operating table, ECG electrodes are at- 
tached. The electrocardiogram is essential for 
prompt detection of dysrhythmias during the 
induction period, and detection of any dys- 
rhythraia should lead to immediate correction of 
the underlying abnormality. After the ECG 
leads are placed, a plastic catheter is inserted 
into a vein of each arm; usually this is a 14-gauge 
Teflon catheter. Each catheter is attached to an 
intravenous infusion set containing 250 ml of 596 
glucose in water. The patient then breathes 
10096 oxygen from a face mask. Induction is 
achieved with small increments of thiopental (50 
to 75 mg) as tolerated and as needed until the lid 
reflex is obtunded. Thiopental injected fast and 
in large doses can quickly decrease blood pres- 
sure because of its depressant effect on the 
myocardium [15]. In seriously ill patients, a 
small dose is sufficient to obtain hypnosis and is 
well tolerated. However, the induction time 
may be prolonged because of the slow circula- 
tion time in these patients. 

We now use pancuronium to facilitate the in- 
tubation. An intravenous injection of 0.08 mg/kg 
is given, and this is followed immediately by 
thiopental induction so that 3 to 4 minutes can 
elapse to allow adequate relaxation before intu- 


bation. The apparent circulatory stability and 
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the longer duration of action obtained with pan- 
curonium make this drug particularly useful for 
anesthesia in cardiovascular surgery. Pan- 
curonium has a mild cardiac vagolytic action; as 
a result, moderate tachycardia may ensue, 
which limits the use of this agent in some pa- 
tients, particularly those with fixed cardiac out- 
put or heart failure [40]. However, we have not 
seen these effects inour patients. 

Previously we used 100 mg of succinylcholine 
intravenously to aid intubation. This relatively 
large dose was necessary to prevent the patient 


from straining during and after intubation. 


Tracheal stimulation may cause coughing, pro- 
longed expiratory efforts, and Valsalva re- 
sponses. These may impair venous return to the 
heart and cause hypotension, arrhythmias, or 
even cardiac arrest in a patient with severely 
impaired cardiac function [50]. A small dose of 
d-tubocurarine (usually 3 mg) administered in- 
travenously immediately before the injection of 
thiopental may prevent fasciculations and post- 
operative muscle pain, both of which may result 
from the intravenous injection of succinyl- 
choline. 


Induction in Children 


We induce anesthesia in children by the use of 
nitrous oxide, oxygen, and halothane. As soon 
as the eyelid reflex has disappeared, succinyl- 
choline (1 mg/kg; maximum, 100 mg) is adminis- 
tered intramuscularly. Sufficient time must 
elapse for the succinylcholine to produce com- 
plete muscle relaxation. To attempt to intubate 
the patient too early is a common mistake and 
leads to coughing and struggling. We avoid ad- 
ministering succinylcholine intravenously to 
children because it causes bradycardia, espe- 
cially if given repeatedly. Neonates are intu- 
bated while awake, after they have breathed 
oxygen. Intravenous lines are then established, 
preferably at the ankles. 

After intubation the patient is ventilated 
either manually or mechanically; if children are 
manually ventilated, we use a modified 
Jackson-Rees apparatus. Engstróm respirators 
are used for mechanical ventilation, and calcula- 
tion of minute ventilation is done with an Eng- 
ström nomogram [17]. 


Maintenance 


The method of maintaining anesthesia varies. 
The choice of anesthetics and anesthetic combi- 
nations depends on the preference and experi- 
ence of the anesthesiologist in relation to the 
patient’s condition. We usually give nitrous 
oxide (50 to 60%) with oxygen and supplement 
this with other drugs, such as a narcotic 
analgesic (meperidine, fentanyl, or morphine), 
a narcotic-tranquilizer combination (Innovar), 
or halothane. If meperidine is chosen, we give 
20 mg increments intravenously as necessary up 
to a total dose of 200 or 300 mg. 

If Innovar is used, 2 to 5 ml is given slowly in 
small fractions in order to minimize its hypoten- 
sive effects. A total dose as high as 1 ml/11 kg 
may be necessary [54]. 

Morphine is being used extensively in many 
procedures besides cardiac operations. In our 
institution, the drug has been used for both 
induction (1 mg/kg) and maintenance (maximal 
total doses, 2 mg/kg) in the limited number of 
patients who were critically ill (New York Heart 
Association Functional Class IV). Morphine 
produces profound analgesia without loss of 
consciousness, and the patient may be aware of 
his environment during the operation. 

The intravenous administration of morphine 
can cause hypotension initially, probably be- 
cause of histamine release and lowered vascular 
resistance [31]. The use of morphine also leads to 
release of endogenous norepinephrine and epi- 
nephrine in man [27], which may cause hyper- 
tension during cardiac operations. The in- 
creased blood pressure may require treatment. 

Morphine has been supplemented with ni- 
trous oxide to achieve amnesia. Nitrous oxide is 
used in 50% concentrations, except in patients 
who require ventilation with 100% oxygen to 
maintain adequate oxygen tensions. The addi- 
tion of nitrous oxide, however, may adversely 
modify the cardiovascular effects of morphine, 
resulting in cardiac depression and peripheral 
vasoconstriction [56]. 

Patients anesthetized with narcotics are capa- 
ble of being awakened if they have to be defibril- 
lated during the operation or at the end of the 
cardiopulmonary bypass. They would have 
complete amnesia about the incident, yet awak- 
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ening can be prevented easily by the injection 
of thiopental (150 to 200 mg). 

We find halothane of great value for use in 
patients who are not critically ill or who do not 
have hepatic disease. We avoid using halothane 
in patients who have taken it during the previ- 
ous twelve months. The inspired concentration 
of halothane is usually 0.5 to 1.096 added to the 
nitrous oxide and oxygen mixture. If the systolic 
pressure becomes less than 90 mm Hg, either the 
concentration of halothane should be decreased 
or its use should be discontinued, and anes- 
thesia should be supplemented with a narcotic 
such as meperidine (in increments of 10 to 20 
mg). 

During perfusion, we inflate the lungs with 
either air or oxygen by using a pressure of ap- 
proximately 5 cm HO; we do not attempt to 
ventilate them. Keeping the lungs inflated with 
this low positive pressure during perfusion 
minimizes pulmonary damage and postopera- 
tive atelectasis. 


Monitoring 

We routinely monitor arteria] and jugular or 
atrial pressures, the electrocardiogram, heart 
sounds, and temperature. Indirect arterial pres- 
sure monitoring is unreliable in hypotension, 
thus making direct arterial pressure methods 
essential in cardiac operations. The most com- 
monly used method is the percutaneous inser- 
tion of an 18-gauge Teflon catheter into the ra- 
dial artery. If ulnar arterial pulsations cannot be 
palpated and adequate collateral circulation 
cannot be demonstrated (Allen's test), we use 
the brachial or femoral artery [39]. If a patient 
had cardiac catheterization or angiography re- 
cently, we do not insert a catheter into the ar- 
teries of the arm that was used. 

Percutaneous cannulation of the femoral ar- 
tery can be done easily. An 18-gauge, 10 or 15 cm 
Teflon catheter is used for this purpose. In in- 
fants, however, a cutdown may be necessary for 
placement of the catheter. The other method that 
is commonly used in our institution is the Sel- 
dinger technique. An 18-gauge Teflon catheter 
can be placed percutaneously into the femoral 
artery and advanced into the thoracic aorta. This 
technique has been most satisfactory; the cathe- 


ter remains patent longer and is more trouble 
free than the shorter ones, and the technique is 
useful in withdrawing blood for cardiac output 
determinations with indicator-dilution curves 
during and after operation (Fig 1). 

The venous pressure is measured through a 
large-bore plastic needle placed in the external 
jugular vein. After perfusion, a polyethylene 
catheter (1 mm ID, 1.5 mm OD) is inserted into 
the right atrium and brought out through the 
chest wall. This can be used to monitor atrial 
pressure for 24 to 48 hours after operation. If any 
problem related to the left heart is expected, 
pressure monitoring with a similar catheter in- 
serted into the left atrium is useful (Fig 2). A 
strain-zauge manometer, pressure-wash bottle, 
and direct-reading dial complete the system. 
Catheters can be removed on the third or the 
fourth postoperative day. Bleeding has not been 
a problem after removal of the catheters. 

The monitoring of temperature during cardiac 
operations is essential. A probe thermometer 
placed in the nasopharynx or oropharynx pro- 
vides a more reliable guide to the temperature of 
the body core and brain than do rectal and 
esophageal thermometers. Aortic blood temper- 
ature is usually reflected in the reading if the 
temperature probe is placed in the esophagus. 
We monitor the heart sounds by use of an 
esophageal stethoscope. The monitoring of 
blood oxygen tension, acid-base balance, and 
serum electrolyte concentrations also should be 
done. 


Whole-Body Perfusion 


Oxygenators used for extracorporeal circulation 
in the past have only historical value today. 
Machines such as rotating-disc oxygenators or 
Mayo-Gibbon vertical-screen oxygenators were 
time-consuming to prepare and needed too 
much blood to prime. Disposable bubble 
oxygenators have now become widely accepted 
because of their economy and practicability. The 
oxygenator we use is the Bentley disposable 
oxygenator mounted on a Sarns chassis or on a 
modified Mayo-Gibbon chassis. 

The basic components of the Bentley- 
Tempt-ol unit are the oxygenator, a heat ex- 
changer, and a cardiotomy return reservoir. The 
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Fig 1. Technique of inserting Teflon catheter into 
descending thoracic aorta through the femoral artery 
(Seldinger technique). 
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Fig 2. Monitoring atrial pressures with polyethylene 
catheters (catheters are placed before closure of 
chest). (From DC McGoon, Technics of open-heart 
surgery for congenital heart disease. In MM 

Ravitch (ed), Current Problems in Surgery, April 
1968. Copyright © 1968 by Year Book Medical 
Publishers, Inc, Chicago. Used by permission.) 


unit is presterilized. We also have incorporated 
a Brown-Harrison heat exchanger into this basic 
unit to facilitate more efficient warming and 
cooling of the patient during extracorporeal cir- 
culation. A Bentley bypass blood filter for the 
cardiotomy reservoir and a bubble trap or a filter 
on the arterial line also have been added to the 
system [5]. Three sizes of oxygenators are avail- 
able: the adult unit can deliver total bypass flows 
greater than 2.8 L/min, and the two pediatric 
units can provide flows of 1.25 to 2.8 L/min. 
Flows of 2.0 to 2.4 L/m* of body surface provide 
satisfactory perfusion of the whole body for sev- 
eral hours. 


Oxygenator 


The shell of the oxygenator is made of polycar- 
bonate, with inlets tor blood and an oxygen dif- 
fusion assembly at the bottom. Venous blood 
enters at the bottom and flows over a funneled 
base, half of which contains small perforations 
for gas flow. A tunnel system allows the bubbled 
blood to flow through. The tunnels are sur- 
rounded by a coarse polypropylene mesh that is 
coated with silicone antifoam and another layer 
of fine nylon tricot fabric. As the blood leaves 
the oxygenator for the heat exchanger, it passes 
through the mesh and is defoamed. A mixture of 
98% oxygen and 2% carbon dioxide passes 
through the oxygenator at a flow rate of 2 to 4 
liters of gas per liter of blood flow. This rate and 


mixture allow a satisfactory arterial oxygen and 
carbon dioxide tension. If halothane is used for 
anesthesia, a concentration of 1 to 0.5% can be 
added to the gas mixture through a halothane 
vaporizer incorporated into the system. 

The priming solutions for each size of 
oxygenator are given in Tables 1 through 4. 
Blood constituents are usually traumatized in 
the oxygenators; of the various oxygenators, the 
Bentley-Temptrol unit reportedly has the lowest 
rate of hemolvsis and platelet loss [2]. 


Cardiotomy Reservoir 

The reservoir, which has a shell also made of 
rigid polycarbonate, is placed between the 
coronary suction line and the oxygenator. The 
negative surface charge on the outer shell helps 
to repel hemoglobin and thus to reduce 
hemolysis. The inside of the reservoir is filled 
with silicone-treated polypropylene mesh, 
which can defoam and filter as much as3 liters of 
cardiac suction return per minute [5]. 


Bypass Blood Filter 


A filter made of three separate elements of 
polyester urethane foam with progressively 
smaller pores (diameter, 150 to 27 u) is placed 
between the coronary suction line and the car- 
diotomy reservoir [5]. The filter allows the re- 


Table 1. Priming Protocol for Infant Q-130 
Oxygenator (with Modified Mayo-Bentley Chassis) 


Total flow < 1.25 L/min: 
At 2.4 L/min/m? for patients < 0.52 m? (= 12.0 kg) 


Fresh CPD blood? (14 units) 750.0 ml 
Heparin (10 mg/ml) 4.5 ml 


Sodium bicarbonate (1.496) 45.0 ml 
Mannitol (1596) 15.0 ml 
Calcium chloride (1096) 7.0 ml 

Priming volume 821.5 ml 

Addition: 

Fresh CPD blood? ($ unit) 250.0 ml 
Heparin (10 mg/ml) 1.5 ml 
Sodium bicarbonate (1.4%) 15.0 ml 
Calcium chloride (10%) 2.0 ml 

Priming volume 268.5 ml 


* Blood should be less than 48 hours old. 
CPD = citrate-phosphate-dextrose. 
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Table 2. Priming Protocol for Pediatric Q-110 
Oxygenator 





Total flow 1.25-2.4 L/min: 
At 2.0 L/min/m? for patients 0.52-1.20 m? 
(712.0—-36.5 kg) 
At 2.4 Limin/m? for patients 0.52-1.00 m? 
(=12.0-27.5 kg) 


CPD blood (2 units)? 1,000.0 ml 
Heparin (10 mg/ml) 7.0 ml 
Sodium bicarbonate (1.4%) 60.0 ml 
Normosol-R (pH 7.4) 250.0 ml 
Mannitol (15%) 25.0 ml . 
Calcium chloride (10%) 8.5 ml 
Priming volume 1,350.5 ml 
Addition: 

1. CPD blood (1 unit)? 500.0 ml 
Heparin (10 mg/ml) 3.0 ml 
Sodium bicarbonate (1.4%) 30.0 ml 
Calcium chloride (10%) 4.25 ml 

Priming volume 537.25 ml 

2. Normosol-R (pH 7.4) 500.0 ml 

Heparin (10 mg/ml) 1.5 ml 
Priming volume 501.5 ml 


*Blood should be less than 4 days old. 
CPD = citrate-phosphate-dextrose. 


moval of both large and small particles without 
impeding blood flow. 


Hypothermia and Operative Considerations 


The patient’s temperature during perfusion is 
dictated by the type of procedure. We decrease 
body temperature to between 28° and 30°C in 
most patients. Hypothermia also permits the 
flow rate to be lowered if necessary—for exam- 
ple, if too much blood returns to the heart, thus 
obscuring the operative field. 

Valve replacements are generally done when 
the body temperature is 30°C. Coronary bypass 
grafts are done at various degrees of cooling in 
our institution. Some surgeons prefer cooling 
the perfusate to 15° to 16°C for 6 to 8 minutes 
before cross-clamping. After cross-clamping, the 
perfusate is warmed to 30°C. With this tech- 
nique the heart is cooler than the body, and this 
adds extra protection to the heart during is- 
chemia. In addition, the heart is almost motion- 
less. Yet other surgeons accept 30°C as suitable 
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Table 3. Priming Protocol for Adult Q-100 
Oxygenator for Short Perfusions? 





Total flow > 3.0 L/min: 
At 2.0 L/min/m? for patients > 1.50 m? (750.0 kg) 
At 2.4 Limin/m? for patients > 1.25 m? («37.5 kg) 


Normosol-R (pH 7.4) 1,500.0 ml" 
Heparin (10 mg/ml) 4.5 ml 
Priming volume 1,504.5 ml 
Addition*: 

1. Normosol-R {pH 7.4) 500.0 ml 
Heparin (10 mg/ml) 1.5 ml 
Priming volume 501.5 ml 

2. CPD blood (1 unit) 500.0 ml 
Heparin (10 mg/ml) 3.0 ml 
Sodium bicarbonate (1.496) 30.0 ml 
Calcium chloride (1096) 4.25 ml 
Priming volume 537.25-m1 


“To be used for procedures such as correction of atrial septal 
defect and pulmonary stenosis and for open mitral commis- 
surotomy. 


In priming, 30 ml of Normosol-R per 1 kg of body weight 
above 50 kg may be added to the initial volume. 


“If patient's body surface area is < 1.70 m?, add 1 first; then, if 
necessary, add addition 2 and repeat in order. If patient's 
surface area exceeds 1.70 m?, add 1 first and repeat 1 if 
necessary; if a third addition becomes necessary, add addi- 
tion 2. 


CPD = citrate-phosphate-dextrose. 


Closure of a Potts anastomosis through the 
pulmonary artery is done with deep hypother- 
mia (20°C) followed by circulatory arrest. Before 
complete circulatory arrest can be accomplished, 
anesthesia should be deepened or a muscle re- 
laxant injected to prevent diaphragmatic and 
chest movements, which seem to occur in re- 
sponse to the acidosis generated during cir- 
culatory arrest. After the extracorporeal] circula- 
tion is stopped, nothing can prevent these 
movements, and they may be vigorous enough 
to interfere with operative repair. After deep 
hypothermia and circulatory arrest, blood gas 
and acid-base determinations may facilitate 
quantitative correction of acid-base imbalance. 

Operations for complicated congenital heart 
disease in neonates and infants have a high mor- 
tality rate. Technical difficulties, blood in the 
operative field, pulmonary complications, and 
metabolic disturbances are the main problems. 
Recently a method of deep hypothermia and 
circulatory arrest has been advocated to elimi- 
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Table 4. Priming Protocol for Adult Q-100 


Oxygenator 


Total flow > 3.0 L/min: 


At 2.0 L/min/m? for patients > 1.50 m? (750.0 kg) 
At 2.4 L/min/m? for patients > 1.25 m? (~37.5 kg) 
With coronary perfusion or heat exchanger 


CPD blood (1 unit) 500.0 ml 
Heparin (10 mg/ml) 6.0 ml 
Sodium bicarbonate (1.4%) 30.0 ml 
Normosol-R (pH 7.4) 1,000.0 ml 
Mannitol (15%) 100.0 ml 
Calcium chloride (10%) 4.25 ml 

Priming volume 1,640.25 ml 


With coronary perfusion and heat exchanger 
CPD blood (2 units) 1,000.0 ml 


Heparin (10 mg/ml} 9.0 ml 


Sodium bicarbonate (1.4%) 60.0 ml 
Normosol-R (pH 7.4) 1,000.0 ml 
Mannitol (15%) 100.0 ml 
Calcium chloride (10%) 8.5 ml 
Priming volume 2,177.5 ml 
Addition?: 
1. Normosol-R (pH 7.4) 500.0 ml 
Heparin (10 mg/ml) 1.5 ml 
Priming volume 501.5 m] 
2. CPD blood (1 unit) 500.C ml 
Heparin (10 mg/ml) 3.0 ml 
Sodium bicarbonate (1.4%) 30.0 ml 
Calcium chloride (10%) 4.25 ml 
Priming volume 537.25 ml 


*For further additions, repeat additions 1 and 2 in sequence. 


CPD = citrate-phosphate-dextrose. 


nate these shortcomings [6]. Deep hypothermia 
is accomplished with surface cooling and lim- 
ited bypass. Patients are rewarmed with the 
oxygenator after the repair is carried out. Body 
temperature is reduced to 22°C, which allows 
safe circulatory arrest for as long as 70 minutes 
[6]. 

surface cooling maintains pulsatile flow, 
which in turn keeps the capillaries open, pre- 
venting an uneven tissue temperature and the 
development of metabolic acidosis. Few cardiac 
arrhythmias are seen during cooling. This 
method may diminish the morbidity rate, in- 
cluding pulmonary complications. 

Deep hypothermia and circulatory arrest are 
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core cooling with extracorporeal circulation 
rather than surface cooling, and we have not 
seen any disadvantages in this method, al- 
though we have limited the time of circulatory 
arrest to 40 minutes. 

We believe that direct perfusion of coronary 
arteries coupled with moderate hypothermia 
(30°C) protects the myocardium during aortic 
valve replacement. We perfuse the coronary ar- 
teries with a perfusion pressure of approxi- 
mately 100 mm Hg, which usually generates a 
flow of 100 to 125 ml/min through the coronary 
cannulas ifthe coronary arteries are not diseased 
or obstructed. Young patients with congenital 
heart disease can tolerate aortic cross-clamping 
for as long as 20 minutes if the body temperature 
is 30°C—and if cross-clamping is followed by 
periods of 3 to 5 minutes of declamping and 
myocardial perfusion. This provides a less ac- 
tive heart and can be repeated several times. 


Circulation during and after Perfusion 


As soor. as the circulation is taken over by the 
pump oxygenator, systemic blood pressure de- 
clines precipitously. This severe hypotension is 
due partly to drainage of blood from the patient 
to the cxygenator and partly to vasodilatation, 
and no ill effects have been observed so far. 
Hemodilution also lowers blood viscosity, 
which is closely related to reduction in blood 
pressure. Gradually, peripheral vasoconstric- 
tion ensues and increases the systemic resis- 
tance [22] and blood pressure. If morphine is the 
main anesthetic, arterial pressure rises even 
higher because of the release of catecholamines 
[27]; such a high blood pressure may be poten- 
tially hazardous for patients who undergo coro- 
nary bypass grafting. 

Perfusion pressures less than 50 mm Hg 
measured in the radial or femoral artery have 
been blamed for postoperative ischemic brain 
damage and dysfunction of the central nervous 
system [46]. We have not identified any central 
nervous system complications with perfusion 
pressures of 50 mm Hg or below. We assess the 
adequacy of perfusion in terms of flow rather 
than pressure. Perfusion flow is maintained at 
2.0 to 2.4 L/min/m?. 

The period of withdrawal from bypass is a 
critical time. The patient is rewarmed. Venous 
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and only one cannula is left in the right atrium 
for venous drainage to the oxygenator. The left 
ventricular vent is removed. Transfusions from 
the oxygenator to the patient increase the ven- 
tricular filling pressure, which in turn increases 
stroke volume and blood pressure. The amount 
of blood transfused depends on the left and right 
atrial pressures, which are monitored during 
this step. 

Transfusion until a mean left atrial pressure of 
10 to 15 mm Hg is reached is usually satisfactory. 
If increasing the filling pressure to between 20 
and 25 mm Hg does not produce adequate arte- 
rial pressure, perfusion should be restarted and 
the causes of an impaired contractile state 
should be sought. Further operative repair may 
be necessary. Inadequacy of pressure may be 
caused by coronary air embolism, although this 
is infrequent and is usually transient. Acute S-T 
segment changes, along with impaired hemo- 
dynamics, may be helpful in recognition of this 
problem. 

Allowing time for air bubbles in the coronary 
arteries to dissolve or to pass into the venous 
circulation or administering drugs to improve 
contractility often leads to a more successful out- 
come when perfusion is again discontinued. 

Transfusions of additional small amounts of 
blood through the arterial cannula are given 
until the largest blood volume that is safe is 
reached. The objective is to overfill rather than 
underfill the vascular compartment, because 
this provides a reserve against unexpected loss 
of blood [33] or vasodilatation and redistribu- 
tion of the blood (Fig 3). However, overfilling 
may be hazardous in a patient who has mitral 
stenosis and is undergoing valve replacement. 
The left ventricle may be overdistended because 
of an atrophied myocardium. 

Myocardial contractility usually improves 
noticeably during the first 30 minutes after dis- 
continuation of perfusion. Patients with aortic 
valve stenosis usually have a hypertrophied left 
ventricle. If normal atrial pressures are main- 
tained, those patients tend to have a high arte- 
rial pressure when anesthetics are withdrawn at 
the end of the operation. We have been able to 
control excessive arterial pressure by withhold- 
ing transfusions and keeping the patient rela- 
tively hypovolemic during closure of the chest. 
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Fig 3. Blood volume adjustments after extracorporeal 
circulation. Having enough blood in the patient 
without overloading may improve ventricular 
function and provide reserve for blood loss. (From 
DC McGoon, Technics of open-heart surgery for 
congenital heart disease. In MM Ravitch (ed), 
Current Problems in Surgery, April 1968. Copyright 
©) 1968 by Year Book Medical Publishers, Inc, 
Chicago. Used by permission.) 


Aortic Counterpulsation 


Sometimes bypass has to be continued because 
of inadequate myocardial performance and im- 
paired coronary blood flow. If all methods 
previously described fail, an aortic counterpul- 
sation technique can be used for circulatory sup- 
port. Its use during the operative and immediate 
postoperative period to support the failing circu- 
lation is promising and often lifesaving. The 
usual agents employed in treating intraopera- 
tive and postoperative cardiogenic shock are 
vasopressors and inotropic drugs. These drugs 
increase either the afterload or the inotropic 
state of the myocardium, which in turn in- 
creases the myocardial oxygen requirements 
during the time that total oxygen availability 
and delivery are decreased. Yet counterpulsa- 
tion lowers the myocardial oxygen requirement 
[28] because it decreases systolic blood pressure, 
resulting in reduced left ventricular work and a 
diminished myocardial oxygen requirement. 
Diastolic blood pressure is increased, which in 
turn raises the coronary blood flow and ensures 
greater oxygen availability [28]. 

The insertion and placement of a balloon are 
simple during extracorporeal circulation. A Da- 
cron or Teflon graft is sutured to an isolated 
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common femoral artery. The balloon is inserted 
into the thoracic aorta through the sidearm tip of 
the balloon catheter and is placed distal to the 
origin of the left subclavian artery. When coun- 
terpulsation is begun, extracorporeal circulation 
is discontinued gradually. Since placement of an 
intraaortic balloon does not require systemic an- 
ticoagulation, heparin given for extracorporeal 
circulation can be neutralized with protamine. 
We have been using Avco Model 1HBP-7 
equipment, which is a battery-powered unit. 
Circulatory assistance is maintained for 24 to 72 
hours after the operation and then is gradually 
decreased in such a way that the ratio of balloon 
inflations to heartbeats is reduced from 1:1 to 
1:2 to 1:4 and, finallv, to 1:8. If the patient can 
maintain a satisfactory blood pressure for 12 
hours, the balloon is removed. 


Air Embolism 


Air embolism is still a constant concern to both 
surgeon and anesthesiologist; its mechanism is 
explained in Figure 4. The seriousness of air 
entering the systemic circulation and then the 
cerebral circulation requires no explanation. 
The heart itself also can be afflicted with air 
embolism. The ostium of the right coronary ar- 
tery is located at the highest point of the aortic 
root when the patient is supine. This increases 


Fig 4. Mechanism of air embolism. If the mitral valve 
is competent and the left ventricle contracts, blood 
and air would be ejected to the unclamped aorta, and 
air would enter the systemic circulation. (From DC 
McGoon, Technics of open-heart surgery for 
congenital heart disease. In MM Ravitch (ed), 
Current Problems in Surgery, April 1968. Copyright 
©) 1968 by Year Book Medical Publishers, Inc, 
Chicago. Used by permission.) 








Fig5. Athumbtack needle vent placed in the 
ascending aorta and connected to the suction line can 
evacuate yoam and air bubbles continually. (From 
DC McGcon, Technics of open-heart surgery for 
congenital heart disease. In MM Ravitch (ed), 
Current Problems in Surgery, April 1968. Copyright 
(O 1968 by Year Book Medical Publishers, Inc, 
Chicago. Used by permission.) 


the chance of air embolism of the right coronary 
artery. It is manifested as poor right ventricular 
contractility, arrhythmias, S-T segment eleva- 
tion on the electrocardiogram, and higher pres- 
sures ir. the right atrium than in the left. 

Air entrapment in the left atrium creates the 
danger of embolism. During closure of simple 
atrial septal defects, suction tips should not be 
allowec. to enter the left heart so that the level of 
blood never falls to the level of the mitral orifice. 
Cross-clamping the aorta before the right atrium 
is incised [33] and induction of ventricular fibril- 
lation are other safety precautions. During the 
repair the lungs should be kept motionless. A 
sudden inspiratory effort by the patient or a 
decrease in airway pressure due to sudden 
opening of the pop-off valve of the anesthetic 
circuit will allow air to enter the left atrium and 
pulmonary veins. | 

A useful instrument to prevent air embolism 
is a thumbtack needle vent connected to a suc- 
tion line (Fig 5). The needle vent has a slit along 
the length of the needle shaft. When the needle 
is placed in the ascending aorta, especially dur- 
ing operations on the mitral valve, accumulated 
bubbles and foam can be suctioned continu- 
ously [33]. 

Embolism into the coronary arteries can be 
prevented if the aortic clamp is released slowly 
and the proximal right coronary artery is 
pinched gently. This allows blood to fill the 
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proximal aorta from below and forces any air 
that may be trapped in the aortic root through 
the needle vent. 

Before the perfusion is terminated, every ef- 
fort should be made to eliminate air from the left 
heart. The surgeon should elevate the heart and 
invaginate and massage the left atrial append- 
age to expel trapped air. If the anesthesia bag is 
squeezed at the same time, blood from the pul- 
monary veins will be pushed to the left atrium 
and ventricle, carrying air that can be sucked out 
through the left ventricular vent. 


Effects of Extracorporeal Circulation 
on the Body 


Hematological Changes 


The greatest changes in the blood occur with 
intravenous injection of heparin before place- 
ment of arterial and venous cannulas. The initial 
dose of heparin is 90 mg per square meter of 
body surface area. Patients with less than 1 
square meter of body surface area receive 3 
mg/kg heparin. After 1 hour of perfusion, one- 
half of the initial dose is given, and this is fol- 
lowed by one-fourth of the initial dose every 
hour until bypass is completed. 

After bypass is over and the cannulas have 
been removed, we inject protamine sulfate, 1.3 
times the total dose of heparin, to neutralize the 
heparin. If heparin is not neutralized, post- 
bypass or postoperative bleeding may ensue. 
some tests to determine the complete neutraliza- 
tion of heparin have been described [29]. If neu- 
tralization is found to be incomplete, correction 
can be accomplished with additional doses of 
protamine. 

Because of mechanical trauma to the blood in 
the oxygenator, some hemolysis is inevitable 
[48]. Suctioning of too much air and blood 
through the intracardiac suction devices in- 
creases the problem. Much of the increased 
plasma hemoglobin is removed by the body. 
Even so, gross mechanical or traumatic 
hemolysis may occur during or soon after opera- 
tion, and this hemolysis manifests itself by a 
decrease in the hemoglobin concentration, gross 
hemoglobinemia, and hemoglobinuria [55]. 

The patient's hemostatic mechanism is altered 
during extracorporeal circulation, causing ex- 


cessive bleeding. Many factors contribute to this 
problem. Thrombocytopenia always results 
from perfusion because platelets are trau- 
matized, and subsequent administration of 
protamine decreases their numbers further. 
However, during the first postoperative hour, 
the platelet count starts to increase substantially 
[57]. 

Destruction of coagulation factors during pro- 
longed bypass adds to the postoperative bleed- 
ing problem. Therapy is directed to the re- 
placement of deficient coagulation factors. 
Coagulation screening of patients after bypass 
has been recommended [4], but in practice it is 
often difficult to demonstrate the missing fac- 
tors. 

For patients with ill-defined bleeding prob- 
lems after bypass we administer a combination 
of fresh whole blood, fresh-frozen plasma, 
platelet concentrates, corticosteroids  (hy- 
drocortisone, 200 to 400 mg, or methylpred- 
nisolone, 40 to 80 mg), and vitamin K (10 mg). If 
bleeding does not diminish after a few hours 
with this treatment, it is almost always due to 
leakage from the site of aortotomy or ven- 
triculotomy or from a small vessel. The patient 
should undergo exploration, and the bleeding 
point should be identified and eliminated 
operatively. 


Metabolic Changes 


Changes are influenced by the composition of 
the priming solution. used in the pump 
oxygenator, the severity of heart disease before 
operation, and the adequacy of perfusion and 
cardiac output after repair. Metabolic changes 
are not related directly to the lesion itself. There 
may be changes in oxygenation, acid-base bal- 
ance, and electrolyte concentration as well as 
alterations in the input of energy sources, water, 
anions, and cations. 

Oxygenation is usually satisfactory when the 
concentration of oxygen in the inspired gas mix- 
ture (Fro,) is 30 to 50%. However, in some pa- 
tients arterial oxygen tension can be danger- 
ously low because of intrapulmonary shunting 
due to atelectasis. 

In our practice respiratory alkalosis is pro- 
duced intentionally during perfusion. Serum 
sodium and osmolality are kept normal during 
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and after perfusion because the oxygenator is 
primed with a balanced salt solution. Serum 
potassium levels decrease [5] after extracor- 
poreal circulation, however, because of diuresis 
and intracellular movement of potassium (Fig 6); 
therefore potassium may need to be added post- 
operatively. Serum calcium concentrations are 
normal throughout the operation because cal- 
cium chloride is added to the priming solutions 
(see Tables 1—4). 


Cardiac Disease and Anesthetic Management 
Acquired Heart Disease 


Aortic valve lesions may produce cardiomegaly 
and ventricular hypertrophy. Cardiac output is 
likely to be diminished. Mitral valve lesions are 
characterized by even lower cardiac output, and 
left atrial enlargement and atrial arrhythmias 


compound the problem. Blood volume is usually 


Fig 6. Serum potassium aud calcium concentrations 
during and after operation (comparison of 
Mayo-Gibbon and Bentley-Temptrol oxygenators). 


Serum potassium levels remained normal in both 


groups during perfusion but decreased during the 
early postoperative period because of diuresis. Serum 
calcium levels remained essentially normal 
throughout in the Bentley-Temptrol group. Elevated 
calcium levels during and after operation in the 
Mayo-Gibbon group are due to the larger amount of 
calcium chloride added to the greater voiume of 
acid-citrate-dextrose blood used to prime the 
oxygenator. (From DA Barnhorst, EA Moffitt, DC 
McGoon, Clinical use of the Bentley-Temptrol 
oxygenating system, Current Techniques in 
Extracorporeal Circulation. Edited by MI lonescu, G 
Woller. London: Butterworth, in press. 


increased and circulation time is slower. Be- 
cause of these factors, it takes longer for intrave- 
nous and inhaled agents to reach the brain, re- 
sulting in a longer anesthesia induction time; 
therefore it is possible to administer large doses 
of drugs that can depress the circulation. 

Pulmonary congestion, alveolar thickening, 
and deterioration of diffusion are also common 
in patients with mitral valve disease and result 
in a subnormal arterial oxygen tension. Thus the 
inspired oxygen concentration should be atleast 
40 to 5096 to ensure adequate oxygenation. 

Most anesthetics depress the myocardium in 
proportion to their concentration in the blood, 
so low concentrations should be used. A heart 
with stenotic valve disease cannot increase its 
output to compensate for peripheral vasodilata- 
tion. Therefore an anesthetic agent with a 
peripheral vasodilating effect, such as Innovar, 
should be given in minimal doses to patients 
with valvular stenosis. 

The most critical period during an operation is 
that between induction of anesthesia and estab- 
lishment of cardiopulmonary bypass. If the cir- 
culation can be stabilized until it is time for 
extracorporeal circulation, then the cardiac le- 
sion can be repaired and the patient has a good 
chance of complete recovery. The most critically 
ill patients may need to have extracorporeal cir- 
culation established before the induction of 
anesthesia. The femoral artery and veins can be 
cannulated under local anesthesia (Fig 7) and 
connected to the oxygenator; bypass then can be 
started if the circulation fails during anesthesia 
induction or the thoracotomy [11]. 


i 3.6 s | G values  , Normal range 
Ur Y 7 
m" 4.8 7 TTS 7 7 
x a^ Ly AY YU YY, of m 7 Pa per, Vi ano P Y/ 
E^ [ i 
| | M «(fi 
32. | ayo-Gibbon 
| | | | High glucose prime!!! pt) 
| 
~ | | Temptrol-Ben'ley 
EE Pius pooo) Poor 77 No glucose prime ^ P" 
9 43 | | P(0001 ^ P< 6.001 
x TA T PK002 P005 
gp L = iN ih PK002 P<9.01 
s 9 MMM dps OVO TOTTI: 
nee Postoperative — ———ÀÀ 
Ece 
. Pre- l= Perfusion ahe om p pm. a.m. m am Qm. pm. 
induction 


pou —$—  —3—  —a— 





186 The Annals of Thoracic Surgery Vol 23 No 2 February 1977 





Fig 7. Cannulation of femoral veins and artery under 
local anesthesia. In some patients, cannulation of one 
vein may provide enough venous return to the 
oxygenator to keep a flow of 2 Lhminlm?. (From GK 
Danielson, JD Hasbrouck, LR Bryant, Cannulation 
under local or regional anesthesia for the "salvage" 
cardiac patient. J Thorac Cardiovasc Surg 55:864, 
1968.) 


Congenital Heart Disease 

The induction and maintenance of anesthesia 
are influenced by shunting of blood in either 
direction, such as occurs in tetralogy of Fallot 
and right-to-left shunt, and decreased pulmo- 
nary blood flow prolongs the induction if inhala- 
tional anesthetics are used. Yet intravenous 
agents produce anesthesia rapidly because sub- 
stantial amounts of the drugs bypass the lungs; 
however, the reverse obtains in a patient with 
increased pulmonary blood flow, such as occurs 
in atrial or ventricular septal defect or in patent 
ductus arteriosus. A patient with reduced pul- 
monary blood flow cannot tolerate increased 
airway pressure as well as a patient with in- 
creased pulmonary flow. Circulatory collapse 
may ensue because of decreased filling of the left 
heart. 

In transposition of the great vessels, blood 
flows from the right ventricle directly into the 
aorta and from the left ventricle into the pulmo- 
nary artery. Survival is possible only because of 


mixing of the blood in these two separate circu- 
lations. Mixing usually occurs in the heart 
through atrial or ventricular septal defects or 
distally through a patent ductus arteriosus. In- 
duction in these patients is prolonged because 
blood that carries the anesthetic agent into the 
pulmonary circulation mixes poorly with the 
systemic circulation. Because of this prolonged 
induction, these patients can tolerate high con- 
centrations of inhalational or intravenous anes- 
thetics. Also, the patient's arterial oxygen ten- 
sion can be increased only slowly when he 
breathes oxygen. In the common form of total 
anomalous venous return all pulmonary veins 
empty into the right atrium, either directly or 
through an anomalous vertical vein, and the 
oxygenated blood of the superior vena cava 
passes into the left atrium through an atrial sep- 
tal defect. Such patients tolerate manipulation or 
distortion of the right atrium poorly because 
obstruction of flow to the left atrium promptly 
causes hypotension and bradycardia [47]. If the 
repair causes obstruction, bloody pulmonary 
edema may result. 


Closed Cardiac Operations 

Closed mitral commissurotomy, correction of 
patent ductus arteriosus, of coarctation of the 
aorta, or of constrictive pericarditis, and shunt 
procedures do not require extracorporeal circu- 
lation. Yet each one of them has its own prob- 
lems. 


Closed Mitral Commissurotomy 


A patient with mitral stenosis usually has a low 
cardiac output that is easily depressed further 
during intracardiac manipulation of the heart. 
Injection of an inotropic agent such as ephedrine 
(25 mg intravenously) before manipulation may 
prevent a pronounced decrease in blood pres- 
sure. Because bradycardia is also common dur- 
ing this phase of the operation, vagal blocking 
with atropine may prevent slowing of the heart 
rate. If cardiac arrest occurs before the com- 
missurotomy is completed, resuscitation should 
be attempted after rapid dilation of the valve 
because the stenosed valve will not allow an 
increase in cardiac output and will make resusci- 
tation difficult. 

Another serious complication of closed com- 
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missurotomy is embolism, either from a clot or 
from calcium deposits, which is difficult to pre- 
vent. The inadvertent creation of significant mi- 
tral regurgitation is another possibility. If this 
occurs the surgeon can attempt to reduce the 
insufficiency by placing his finger in the left 
atrium while the rest of the team prepares for 
emergency extracorporeal circulation and re- 
placement of the valve. 


Shunt Procedures 


Palliative shunt procedures are associated with 
high risk. Usually the patients are small and 
seriously ill, and their management is difficult. 
Disturbances of the ventilation-perfusion ratio 
occur when patients are placed in the lateral 
decubitus position. Retraction of the lungs can 
easily impede ventilation, causing severe 
hypoxemia, bradycardia, and even cardiac ar- 
rest. Pressure on the heart and the great vessels 
precipitates severe hypotension. 

The Blalock-Hanlon operation, a palliative 
procedure to improve the mixing of blood be- 
tween the pulmonary and the systemic circula- 
tions in transposition of the great vessels, in- 
volves the creation of an atrial septal defect. 
During this procedure, the necessary occlusion 
of the right pulmonary artery and veins in- 
creases hypoxemia, which may result in 
bradycardia, hypotension, and cardiac arrest 
[47]. 

Loss of blood during shunt operations is usu- 
ally minimal in the hands of experienced sur- 
geons. If replacement is required, fresh-frozen 
plasma or crystalloid solutions would suffice be- 
cause the patient’s polycythemia and high 
hemoglobin concentration make hemodilution 
desirable. A decrease in hemoglobin concentra- 
tion would be well compensated by improved 
oxygenation after the shunt procedure. 


Constrictive Pericarditis 


Cardiac filling and stroke volume are severely 
limited in constrictive pericarditis [21]. Anes- 
thetics or manipulation of the heart, which may 
depress the myocardium during operation, can 
cause, severe hypotension. Direct arterial and 
venous pressure monitoring is helpful to detect 
the hemodynamic changes during and after op- 
eration. These patients usually bleed profusely 


from raw surfaces in the operated area, and low 
cardiac output is common during the postopera- 
tive period. 


Postoperative Management 


One reason for the success of cardiac operations 
is directly related to experience gained in the 
postoperative intensive care of patients. 


Respiratory Care 


Severely ill patients, patients who have had mi- 
tral valve or multiple-valve replacement, chil- 
dren with complicated congenital heart disease, 
and patients who have undergone saphenous 
vein grafting for coronary artery disease are 
usually left intubated overnight. The time of 
intubation may be extended to between 48 and 
72 hours. If the tube is required for a longer 
period, tracheostomy should be considered. 

The endotracheal tube generally is well toler- 
ated, yet sedation may be necessary in some 
patients. A drug such as diazepam (Valium, 2.5 
to 5 mg intravenously) or Innovar (1 to 2 ml) is 
usually sufficient. Because Innovar depresses 
respiration, this agent should be given only to 
patients who are being mechanically ventilated. 

‘If the patient had narcotic analgesics during 
operation, emergence from anesthesia may be 
slow and respiration depressed. Also, it may be 
difficult to determine if the unresponsiveness is 
due to the narcotic, air embolism of the central 
nervous system, or inadequate cerebral perfu- 
sion during extracorporeal circulation. A nar- 
cotic antagonist, naloxone (Narcan), is useful in 
determining the cause of the unresponsiveness. 
If the unconsciousness is due to a narcotic 
analgesic, the patient usually will be aroused by 
intravenous administration of 1 ml (0.4 mg) of 
naloxone. 

Both assisted and controlled ventilation have 
disadvantages. Each can increase pulmonary ar- 
tery and right ventricular pressures, impede the 
venous return, and decrease cardiac output [1]. 
Care of the ventilator and endotracheal tubes is 
also an important consideration. Endotracheal 
tubes of infants and young children are more 
difficult to care for during the postoperative 
period than at other times. A smaller tube pre- 
sents greater airway resistance and is likely to be 
occluded. Kinking of the tube is common in a 
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restless child. At the end of the operation we 
replace the endotracheal tube with a naso- 
tracheal tube in children who are less than 10 
years old. Care of a nasotracheal tube is easier 
and avoids some of the difficulties previously 
described. For patients with one of the simpler 
congenital lesions, such as atrial or ventricular 
septal defect or aortic or pulmonary stenosis, we 
remove the: tubes at the end of the operation 
provided that the patients are awake and breath- 
ing well. |. 

If an endotracheal tube is in place and in- 
spired gas is not artificially warmed and 
humidified, the inspired mixture bypasses the 
natural humidifier provided by the nose and 
pharynx and can be humidified and warmed 
only by the remaining moisture and heat from 
the bronchi and lower airways. As a result, the 
blanket of mucus that lines the airway dries, 
ciliary activity decreases, and accumulated 
secretions become dry and obstruct the air- 
way [23]. In patients with such conditions as 
transposition of the great vessels and truncus 
arteriosus, satisfactory ventilation and oxygena- 
tion with an endotracheal tube in place over- 
night are especially important, because 
hypoxemia is further increased if these patients 
have a high pulmonary arterial pressure. 

Controlled ventilation should be discon- 
tinued when the cardiovascular system has be- 
come stable and the arterial oxygen tension 
(Pao,) is satisfactory. The ratio of dead space to 
tidal volume (Vp/V4) is also an accurate indica- 
tion of whether or not the patient can maintain 
an adequate alveolar ventilation. Patients with a 
Vp/Vq4 of more than 0.6 are unlikely to be 
weaned from the respirator successfully [19]. If 
the cardiac index is low, weaning from mechan- 
ical ventilation may be difficult. 

Before extubation, a T-piece adapter should 
be connected to the endotracheal tube and the 
patient allowed to breathe oxygen spontane- 
ously. Vital signs and cardiac rhythm are 
monitored closely, and arterial blood gases are 
determined after weaning has started. If ar- 
rhythmia, tachycardia, cyanosis, or agitation 
develops, arterial blood gases should be rede- 
termined and the patient connected to the ven- 
tilator immediately. A patient with a low blood 
pH, hypercapnia, and a low Pao, (< 70 mm Hg) 
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Yet if the patient’s condition is stable, with 
good vital signs for another hour, the endo- 
tracheal tube may be removed. After extubation, 
most patients can maintain a satisfactory Pao, 
when breathing oxygen in a concentration of 40 
to 50% through a face tent or nasal tube. 

Because the Pao, decreases to between 50 and 
70 mm Hg when air is breathed (owing to 
miliary atelectasis), oxygen is needed for several 
days after the operation. 

Whole-body perfusion is associated with al- 
terations in the pulmonary parenchyma. These 
changes may be responsible for the postopera- 
tive syndrome of respiratory insufficiency [20]. 
This syndrome is well known, yet its etiology 
and pathophysiology are not well understood. 
Pathological changes include diffuse pulmonary 
congestion, small areas of parenchymal hemor- 
rhage, and multiple areas of atelectasis [20]. The 
clinical signs are rapid, shallow breathing, 
cyanosis, and tachycardia. Breathing can be- 
come more difficult because of low pulmonary 
compliance secondary to the underlying acute 
lung disease. Patients require higher oxygen 
concentrations. Ventilation is either assisted or 
controlled in order to aid breathing and the de- 
mands of respiration on the cardiac output. 


.Intermittent or continuous positive-pressure 


breathing also is beneficial because it ex- 
pands the lungs and prevents atelectasis, which 
in turn corrects ventilation/perfusion abnormal- 
ities. 


Respiratory Care of Infants 

This is difficult at best. Neither the use of pres- 
sure or volume respirators nor early extubation 
without respiratory support has been com- 
pletely satisfactory. Heavy sedation and hyper- 
ventilation are usually required to prevent the 
patient from breathing out of sequence with the 
respirator. 

A technique of spontaneous breathing by use 
of continuous positive airway pressure with an 
end-expiratory pressure as high as 6 mm Hg has 
given satisfactory results in infants who have 
undergone cardiac operations [45]. In this tech- 
nique, the endotracheal tube is in place (allow- 
ing easy suctioning of tracheobronchial se- 
cretions), microatelectasis is prevented by pro- 
viding continuous positive pressure in the alve- 
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Because breathing is more difficult with this 
technique, controlled ventilation with a me- 
chanical respirator is preferable in an infant 
with decreased cardiac output, even if heavy 
sedation or hyperventilation (or both) [45] is 
needed. Pneumothorax is a major complication 
of continuous positive airway pressure, yet the 
incidence (5%) is still much less than that as- 
sociated with mechanical ventilation [23]. 


Circulatory Care 

Monitoring hemodynamics generally involves 
assessment of the direct arterial pressure, left 
and right atrial pressures, and the electrocar- 
diogram. Normally, right atrial pressure is 2 to 
10 mm Hg lower than left. In some patients, 
however, the right atrial pressure may be 
higher, as in long-standing right ventricular 
hypertrophy due to pulmonary stenosis, in te- 
tralogy of Fallot, and in transient right ventricu- 
lar failure due to air embolism to the right coro- 
nary artery. In patients who have had mitral 
valve replacement or repair of total anomalous 
pulmonary venous connection, the left atrial 
pressure may be considerably higher than the 
right atrial pressure and should be monitored. 

At the end of perfusion, the blood is trans- 
fused from the oxygenator and left atrial pres- 
sure may be increased to between 20 and 25 mm 
Hg. During closure of the chest, progressive loss 
of blood and expansion of venous capacitance 
vessels decrease atrial pressure. Because of 
changes in venous tone, measurement of blood 
volume may be misleading, and attempts to 
bring the blood volume to preoperative levels 
may cause overloading. The venous tone returns 
to normal during the first 8 to 12 hours after 
operation, and the blood that is transfused dur- 
ing this time often exceeds the measurable 
losses by 50 to 100% [34]. 

The depressive effects of citrated blood on the 
myocardium are well known [9]. Transfusion of 
large amounts of citrated blood can result in 
pathological elevations of left atrial pressure and 
abnormal cardiac function curves. Restoration 
of function by simultaneous administration of 
calcium chloride has been reported [9]. 

Significant improvements have taken place 
recently in blood storage and rapid transfusion. 
Citrate-phosphate-dextrose solution is a more 
physiological anticoagulant than is acid- 


citrate-dextrose solution and produces less dis- 

turbance in oxygen-hemoglobin affinity, acid- 

base balance, and calcium metabolism [8]. 
Pulmonary microembolism of microaggre- 


gates in massive blood transfusions may be as- 


sociated with postoperative pulmonary hyper- 
tension. Marked elevations in pulmonary artery 
pressure and confirmation of the presence of 
microaggregates in the small blood vessels of the 
lung under the microscope have been noted ex- 
perimentally. These changes were prevented 
when blood was passed through a Dacron-wool 
blood transfusion filter [12]. We routinely use a 
Dacron-wool (Swank) filter with each unit of 
blood during and after operations, hoping to 
prevent the potential hazards of microemboli 
associated with massive transfusions. 


Postoperative Low-Cardiac-Output-Syndrome 


This syndrome may have several causes: (1) 
mechanical problems (cardiac tamponade); (2) 
residual defect (incompetent valve or septal de- 
fect); (3) inadequate blood volume and ventricu- 
lar filling pressure; (4) arrhythmias (tachycardia, 
which shortens ventricular filling time, or 
bradycardia, in which the rate is too slow to 
maintain normal output); (5) myocardial failure 
(due to intractable preoperative congestive fail- 
ure), myocardial fibrosis, or infarction or is- 
chemia during perfusion [10]; and (6) respira- 
tory or metabolic acidosis [7]. 

Clinically, low output may be manifested by 
restlessness, tachypnea, hypotension, tachy- 
cardia, reduced pulse volume and pressure, 
oliguria, peripheral cyanosis, and vasocon- 
striction. Treatment depends on early detection 
and elimination of the causes. 

Excessive drainage from the chest usually pre- 
cedes cardiac tamponade, yet if bleeding ex- 
ceeds the drainage, tamponade occurs. Promi- 
nence of neck veins, high atrial pressure, low 
arterial pressure, and distant heart tones often 
are evident. If excessive drainage is continuous 
or if tamponade persists, thoracotomy becomes 
urgent. The period of induction of anesthesia 
is critical. Any myocardial depression or pe- 
ripheral vasodilatation related to anesthetics 
is poorly tolerated. The surgeon should under- 
take thoracotomy even before anesthesia induc- 
tion has been completed. Thoracotomy relieves 
the tamponade and increases blood pressure, 
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providing the patient has an adequate blood 
volume. Improvement of cardiac distensibility 
and return to the heart of blood that was pre- 
viously impeded by high intrapericardial pres- 
sure help to restore the hemodynamics. 


Metabolic acidosis develops secondary to low | 


flow states and may create a vicious cycle. If the 
acidosis is severe enough, it depresses cardiac 
contractility, antagonizes the action of the sym- 
pathomimetic drugs, increases pulmonary vas- 
cular resistance, and decreases the oxygen- 
carrying capacity of the blood [21]. We use 
sodium bicarbonate to correct acidosis. The re- 
quired dose is calculated in milliequivalents 
(base deficit X 0.3 of total body weight in kilo- 
grams) or is estimated (2 to 3 mEq/kg). 

The heart with impaired function (pump fail- 
ure) may require some support with an ino- 
tropic agent. The intravenous use of isopro- 
terenol (1 mg in 250 ml of 5% glucose in water) 
or epinephrine (4 mg in 250 ml of 5% glucose in 
water) is helpful. Dopamine, a norepinephrine 
precursor, may increase cardiac output by aug- 
menting stroke volume with little effect on heart 
rate. This agent also decreases renal vascular 
resistance and increases renal blood flow and 
sodium excretion [43], and it may decrease both 
systemic and pulmonary resistance. We use 200 
to 400 mg in 250 ml of 5% glucose in water and 
infuse it intravenously as microdrops, with ad- 
justments being made according to the patient's 
response. 

The newest inotropic agent is dobutamine 
hydrochloride, a derivative of dopamine. 
Studies have confirmed that it has neither the 
arrhythmogenicity nor the chronotropic effect of 
epinephrine and isoproterenol, yet it has a 
strong inotropic effect. It has been shown that a 
dose of 10 ug/kg/min increases cardiac output by 
27% with no significant increase in rate of ar- 
rhythmias [49]. 

In the absence of specific contraindications, 
cardiac glycosides also should be given to pa- 
tients with postoperative low cardiac output. 
Digoxin is our choice because of its rapid effect 
and relatively short biological half-life. The dig- 
italizing dose is estimated as 0.9 mg/m? of body 
surface area. Initially, one-half of the estimated 
dose is administered intravenously, followed by 
one-fourth or one-eighth of the total calculated 
dose given every 1 to 2 hours during careful 


electrocardiographic monitoring, until the de- 
sired effect is obtained or adverse effects appear. 
A maintenance dose of approximately one- 
eighth the digitalizing dose is given daily, be- 
ginning on the day after digitalization has been 
achieved. 

Intravenously administered calcium chloride 
is also commonly used as an inotropic agent in 
critically ill patients, yet reports on its effective- 
ness have been controversial [13]. Clinically, an 
increase of blood pressure after intravenous in- 
jection of calcium chloride is almost always ob- 
served. In a comparative study of three calcium 
salts, we noted a consistent, reproducible, and 
predictable relationship between total and ionic 
calcium in plasma only after the administration 
of the chloride preparation. In addition, plasma 
ionic calcium was higher after calcium chloride 
administration than after administration of 
either the gluconate or the gluceptate salt [53]. 
Undoubtedly, the length of cardiopulmonary 
bypass and periods of induced myocardial is- 
chemia are related to the possibility of maintain- 
ing a good cardiac output after operation. Recent 
reports indicate that postoperative acute cardiac 
deaths can be predicted reliably from the com- 
bination of cardiac index and mixed venous 
oxygen levels (Pvo,) [41]. Therapy in these 
acutely ill patients should be directed toward 
keeping the cardiac index greater than 2.0 
Limin/m’ and the Pvo, greater than 30 mm 
Hg. 

In some of these patients therapy may include 
drugs to reduce arterial blood pressure. In pa- 
tients with low cardiac output and high mean 
arterial pressure, the blood pressure and thus 
left ventricular afterload should be reduced. The 
cardiac output may increase [41]. Sodium ni- 
troprusside is commonly used for this purpose. 
Its peripheral vasodilation properties may im- 
prove left ventricular function by reducing the. 
impedance to ventricular ejection. These left 
ventricular unloading effects are most beneficial 
in patients with severe pump dysfunction and 
greatly elevated left ventricular end-diastolic 
pressure and peripheral vascular resistance. Be- 
cause of these effects, myocardial oxygen de- 
mand is also reduced [35], which makes the 
agent especially valuable for patients with coro- 
nary heart disease who have high arterial pres- 
sures. 


191 Collective Review: Tarhan, White, and Moffitt: Anesthesia and Postoperative Care for Cardiac Operations 


Arrhythmias 

These are deleterious to myocardial perfor- 
mance, and they may be warning signals of the 
development of more serious, life-threatening 
arrhythmias. For example, an episode of ven- 
tricular extrasystoles or bigeminy may presage 
ventricular tachycardia and fibrillation. 

The mechanism of myocardial excitation is 
complex, but factors that cause ectopic activity 
during and after operation are understood rela- 
tively well. Those factors include myocardial is- 
chemia, hypoxemia, alterations in serum potas- 
sium concentrations, posttraumatic myocardial 
failure, and high blood concentrations of certain 
drugs such as digitalis. 

Before the treatment of an arrhythmia is 
undertaken, the type of arrhythmia should be 
identified by the electrocardiogram. Then the 
cause should be treated, such as correcting 
acid-base imbalance or low total-body potas- 
sium by the intravenous infusion of potassium 
chloride. Deficient release and activity of insulin 
during and after extracorporeal circulation may 
contribute to the failure of potassium and glu- 
cose uptake by all cells. The administration of 
insulin, potassium, and glucose may improve 
tissue perfusion and correct the arrhythmia. In- 
sulin probably enhances the entry of glucose and 
potassium into the myocardial cell [37]. 

Another specific method of treating ar- 
rhythmias is cardiac pacing [10] by means of 
temporary epicardial electrodes placed during 
the operation. The heart should be paced at a 
rate sufficient to suppress ectopic beats and to 
correct bradycardia. For atrial fibrillation or 
heart block, wires are carried externally, inferior 
to the sternum [34], and are attached to a tran- 
sistorized pacemaker, preferably a demand 
pacemaker. Electrocautery must be used with 
care, because current may be induced in the 
wires and this may cause ventricular fibrillation. 

If supraventricular tachycardia develops be- 
fore the chest has been closed, the surgeon may 
massage or compress the right atrial junction of 
the inferior vena cava. This is often sufficient to 
return the heart rate to normal. 

Ventricular ectopic beats can be suppressed 
by one of several drugs such as lidocaine 
(Xylocaine), diphenylhydantoin (Dilantin), 
quinidine, and procainamide hydrochloride 
(Pronestyl). With the possible exception of 


lidocaine, these drugs depress contractility and 
vascular tone to the same extent that they de- 
press ectopic beats [26]. 

During the past decade, lidocaine has become 
the most widely used agent for the treatment 
and prevention of cardiac arrhythmias. The 
drug is presently administered for the treatment 
of ventricular tachycardia and of frequent or 
multiform premature ventricular beats and after 
electric reversion of ventricular fibrillation. Its 
prophylactic use is indicated if the number of 
unifocal premature ventricular beats exceeds 
five per minute in the presence of multiform 
premature ventricular beats and R-on-I-wave 
premature ventricular beats. The drug is not 
administered for atrial arrhythmias because it is 
not effective. 

For intravenous administration, a bolus injec- 
tion of 100 mg of lidocaine is generally accept- 
able treatment of ventricular arrhythmias. The 
half-life of effective blood levels to ensure 
therapeutic action after a single injection is 12 to 
15 minutes [25]. Infusion of lidocaine, usually in 
the range of 2 to 4 mg/min, should be started 
simultaneously. This will sustain blood levels 
within the therapeutic range [25]. 

Diphenylhydantoin sodium is valuable in 
treating digitalis-induced arrhythmias, even 
those of supraventricular origin [30, 34]. The 
dose is 100 mg administered intravenously at 3- 
to 5-minute intervals, and it is repeated every 5 
minutes until therapeutic or toxic effects are 
produced. A total dose of up to 1,000 mg has 
been advocated [26]. 

Digitalis overdosage can produce almost any 
type of cardiac arrhythmia. Premature ventricu- 
lar beats in heart failure are often an indication 
for more, noi less, digitalis [52]. If there is doubt, 
serum digoxin blood levels should be deter- 
mined at least 6 hours after the last dose of the 
drug. Levels above 2.0 mg/ml indicate a need for 
caution. 

When digitalis overdosage occurs, medica- 
tion is withheld. If ventricular arrhythmias are 
present, 50 to 100 mEq of potassium should be 
given in an intravenous solution at a rate of 
0.5 mEq/min [52]. If the arrhythmia persists, 
lidocaine or diphenylhydantoin also can be 
given as previously described. 

The beta-adrenergic blocking agent pro- 
pranolol (Inderal) slows or terminates tachyar- 
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rhythmias caused by an excess of circulating 
catecholamines or increased sympathetic tone. 
The drug lengthens the refractory period of the 
atrioventricular node and prolongs atrioven- 
tricular conduction time. It slows the ventricular 
rate in patients with atrial fibrillation or flutter 
when it cannot be controlled by digitalis. Pro- 
pranolol is also effective in treating digitalis- 
induced tachyarrhythmias of supraventricular 
or ventricular origin. It is given in 0.25 mg in- 
crements as needed to a total dose of 2.0 to 3.0 
mg. The drug is potent and should be used with 
caution because it can cause bradycardia and 
myocardial depression. Isoproterenol can be 
used to counteract the beta-adrenergic blockade, 
and a large dose usually is needed to overcome 
myocardial depression or bradycardia (or both). 
Atropine may be helpful for the bradycardia 
caused by propranolol [14]. 

‘Atrioventricular block, bradycardia, pulmo- 
nary hypertension, and advanced cardiac failure 
are definite contraindications to the use of pro- 
pranolol. | 

Ventricular tachycardia is serious and re- 
quires immediate action, because it often pro- 
gresses to ventricular fibrillation. Direct-current 
electroshock is applied as soon as possible for 
termination of ventricular fibrillation, followed 
by intravenous administration of lidocaine. 
Lidocaine should be given as previously de- 
scribed in order to suppress ventricular ectopic 
activity. 
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CORRESPONDENCE 


Management of Air Leaks 


To the Editor: 


With respect to Dr. John C. McCabe’s correspon- 
dence (Ann Thorac Surg 21:259, 1976) commenting 
on Dr. Kirsh’s discussion of prolonged air leak (Ann 
Thorac Surg 20:215, 1975), I believe Dr. McCabe 
missed the point Dr. Kirsh was making in the article. 
It was a collective review rather than a specific es- 
pousal of pneumoperitoneum. Moreover, I believe 
that many thoracic surgeons would consider Dr. 
McCabe's recommendation of tolerating an air leak 
for up to 21 days radical, with a definite risk of pro- 
ducing empyema. The use of induced pneumo- 
peritoneum, either intraoperatively through the 
diaphragm or transabdominally, as was practiced 
frequently in collapse therapy, by thoracic surgeons 
of an earlier generation, is quite safe. It certainly has 
been found to shorten the duration of air leaks, reduce 
the attendant morbidity of indwelling pleural tubes, 
and thus decrease the length of hospitalization. 


John S. McCabe, M.D. 


Mercy Hospital 
1501 Pride & Locust Sts 
Pittsburgh, PA 15219 


Lung Cancer Size and Prognosis 


To the Editor: 


The excellent and thoughtful article by Kirsh and as- 
sociates, “Carcinoma of the Lung: Results of Treat- 
ment over Ten Years" (Ann Thorac Surg 21:371, 1976), 
contained an error of fact concerning the relationship 
of survival to size of the primary lung cancer that we 
think is most important to correct for both practical 
and philosophical reasons. 

The authors state, “Despite widespread effort and 
communication on the subject, there is still no uni- 
formity of opinion concerning what factors influence 
long-term survival following pulmonary resection for 
bronchogenic carcinoma. No difference has been 
found between survivors and nonsurvivors when 
comparing the size of the primary lesion . . .” We 
believe this last statement is incorrect, because small 
lung cancers, although detected much less frequently 
than larger ones, have been shown to yield very dif- 
ferent and considerably better survival rates after re- 
section. 

A 70% five-year survival has been attained in 48 
patients with lung cancers under 2 cm in size treated 
at the Mayo Clinic [5], and the Mayo group has 
achieved similar results with in situ lung tumors [11]. 
Delarue and colleagues [3] also reported 7096 survival 
with small primary lung cancers [3]. Overholt [7] has 
achieved 6696 survival with small primary lung can- 
cers. Yashar and Yashar [12] had a 61% five-vear sur- 
vival rate with 18 primary lung cancers under 2 cm in 
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size and 100% five-year survival with 5 peripherally 
located lung cancers. Steele and Buell [10] 
documented a 57% five-year survival rate in the 
Cooperative Veterans Administration and Armed 
Forces Hospital Study with lung cancers under2cmin 
size. Survival fell to 41% for 2.5 to 4 cm lesions and to 
31% for those 4.5 to 6 cm in size [10]. Two centimeters 
thus appears to be a critical dividing line with regard 
to prognosis. 

We recently reviewed our experience with 19 pa- 
tients treated by resection over the past twenty years 
for primary lung cancers of an average diameter under 
2 cm. Survival to the present time is 89.5% (17 of the 
19). Of the 12 patients followed for five years, 10 (8396) 
survived. The 2 patients who have died had lesions 
2.7 and 3.2 cm in size [8, 9]. 

Admittedly, the references cited show a wide and 
not readily explainable variability in five-year 
survival—from 57 to 8396 for small primary lung 
cancers—-and focus upon a small proportion of lung 
cancer patients. Nevertheless, these clearly represent 
the best lung cancer survival figures, thereby em- 
phasizing the importance of tumor size in relation to 
prognosis and raising the question whether the over- 
all poor results of resection for lung cancer could be 
improved if we could detect the tumors earlier. 

There is no doubt that lung cancer connotes a grim 
outlook for most patients. However, these studies 
show a progressive improvement in long-term survi- 
val of patients with smaller lesions. This fact—the 
central message of this letter—is not sufficiently rec- 
ognized. Pervasive pessimism and the theory of 
biological predeterminism with regard to lung cancer 
are most certainly incorrect concepts and can lead to a 
dangerous and unwarranted laissez-faire attitude. 
Recent success with new screening projects may help 
promote wider efforts at early diagnosis [1, 2, 4, 6]. 

It is our firm belief that the size of alung tumor is a 
prime, if not the prime, determinant of survival. In the 
future, innovative methods to detect lung cancer at an 
earlier stage might improve the overall poor results of 
operation, which are attributable in large part to the 
advanced size, and therefore late stage, of most pri- 
mary lung cancers being diagnosed and treated. 


Jefferson F. Ray, HI, M.D. 
Ben R. Lawton, M.D. 
William O. Myers, M.D. 
Richard D. Sautter, M.D. 


Marshfield Clinic and Marshfield 
Medical Foundation 
Marshfield, WI 54449 
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Reply 
To the Editor: 


We'agree with Dr. Ray that the size of solitary nodules 
is important in determining the prognosis in patients 
with peripheral solitary lesions or in situ carcinomas, 
and we have found this to be true in our own experi- 
ence. For other bronchogenic carcinomas, however, 
we have found that the size of the lesion does not 
affect the prognosis. 


Marvin M. Kirsh, M.D. 


Section of Thoracic Surgery 
Department of Surgery 
University of Michigan Hospital 
Ann Arbor, MI 48109 


Trocar for Thoracostomy 


To the Editor: 


The thoracic surgical section of the text Management of 
Surgical Complications by Artz and Hardy was re- 
viewed by Dr. David J. Dugan in the May issue (Ann 
Thorac Surg 21:474, 1976). He states, concerning the 
chapter by Watts R. Webb, “On page 104 . . . men- 
tion is made of the trocar, which—as far as I know—is 
no longer used. A trocar for thoracostomy is a danger- 
ous and unnecessary instrument, and I am amazed 
that the device is mentioned in connection with 
thoracic care.” I was amazed at Dr. Dugan’s state- 
ment. On a rather large, busy thoracic surgical ser- 
vice, covered by several senior attending physicians, 
we use nothing but a trocar in this situation. And 
upon checking with various thoracic surgical ser- 
vices, I found that they also use a trocar. In discussing 
the chapter on esophageal and diaphragmatic surgery 
by Payne and Ellis, Dr. Dugan takes issue with a 
statement and explains, "such a statement in print 
lends support for liability in operations which might 
in fact turn out to be failures.” It is for this reason of 
liability that I must take issue with his statement on 
the use of a trocar in the current practice of thoracic 
surgery. I suppose anything may be considered a 
dangerousinstrument if improperly used; butto date, 
I have found the trocar, when correctly utilized, to be 
an efficient, safe, and practical means of inserting a 
chest tube in the management of spontaneous 
pneumothorax. 

It should also be noted that Dr. Dugan quotes Payne 
and Ellis on page 350 as stating that a short myotomy 
restricted to the distal end of the esophagus has not 
been the best procedure in the experience of many. 
Since I know Dr. Ellis's views on the subject, I found 
this hard to believe. In the text what he actually says 
is: "A long gastric incision adds nothing to the effec- 
tiveness of the operation in terms of reduction of 
sphincteric pressure. In fact, experiments have shown 
that there is a theoretical advantage to a relatively 
short myotomy restricted to the distal end of the 
esophagus, because, at least in the dog, after this 
procedure, gastroesophageal reflux did not occur." 


Wilford B. Neptune, M.D. 


Overholt Thoracic Clinic 
135 Francis St 
Boston, MA 02215 


Reply 
To the Editor: 


This is in response to the objection to my review of the 
text Management of Surgical Complications by Artz and 
Hardy, in which I expressed differences of opinion 
over certain technical procedures advocated. Dr. 
Neptune's objections are appreciated and respected, 
coming from a well-trained and experienced thoracic 


196 The Annals of Thoracic Surgery Vol 23 No 2 February 1977 


surgeon of recognized reputation and ability. I will 
attempt to answer Dr. Neptune's differences in opin- 
ion from my submitted criticisms, which were in- 
tended to be entirely constructive. 

My objection to a trocar for chest tube insertion 
stems from sad experience during my early years in 
practice, in which inexpert use gave rise to complica- 
tions of hemorrhage, particularly hemoptysis. This 
was undoubtedly due to faulty utilization of the in- 
strument; nevertheless, I have continued to deplore 
its use because of the impression left by this experi- 
ence. Chest tube insertion is such a simple maneuver, 
accomplished with the scalpel, curved scissors, and a 
clamp, that I hesitate to return to the trocar. 

As for Dr. Neptune’s second objection, regarding 
the extent of esophageal myotomy performed by Dr. 
Ellis in the Heller operation, I am sure this is a per- 
sonal preference on both our parts. Since a long 
myotomy has been satisfactory in my hands, I see no 
reason to change this method in spite of the experi- 
mental success Dr. Ellis cites with a short muscle split. 
I have had no regurgitation problems in a number of 
patients treated as mentioned. 

It is interesting that at this particular stage in the 
development of general thoracic surgery, technical 
problems with different, though slight variations 
continue to arise. This would seem to indicate con- 
tinued progress in our specialty. 


David J. Dugan, M.D. 


3300 Webster St 
Oakland, CA 94609 


Complication of Pulmonary Aspergillosis 


To the Editor: 


I read with interest the paper "Pulmonary Aspergil- 
losis," by Avraam Karas and associates (Ann Thorac 
Surg 22:1, 1976). I would like to report an infrequent 
complication arising from surgical treatment of this 
disease. 

A 58-year-old man who underwent right upper 
lobectomy for an intracavitary aspergilloma de- 
veloped wound necrosis of the posterior end of the 
incision postoperatively. The wound did not heal in 
spite of the usual conservative therapy. A tissue cul- 
ture grew Aspergillus fumigatus. The wound was then 
treated by wide surgical excision of skin and sub- 
cutaneous tissues and primary wound closure. 
Amphotericin-B and sodium iodide were not used. 
The wound healed uneventfully, and the patient re- 
mained well over a twelve-month follow-up period. 

This suggests that the aspergillus organism can col- 
onize at the operative site. Adequate precautions 
therefore should be taken to avoid wound contamina- 
tion during the surgical procedure. 


J. P. Reddy, M.D. 


609 NW 20th St 


Mineral Wells, TX 76067 
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REVIEW OF RECENT BOOKS 


Advances in Surgery, Vol 9 

Edited by William P. Longmire, Jr., M.D. 
Chicago, Year Book Medical Publishers, 1975 
392 pp, illustrated, $26.95 


Reviewed by John Hines Kennedy, M.D. 


The ninth consecutive volume of this annual review 
offers authoritative discussions of selected surgical 
areas in which advances have led to improved patient 
care. 

A chapter on the therapy of shock by Alexander J. 
Walt and Robert F. Wilson deals with the nosology of 
the syndrome and contrasts the adaptive changes in 
organ physiology in reversible shock with the cellular 
abnormalities in “late” shock. Significant is the re- 
newed interest in specific vasoactive polypeptides in 
shock popular three decades ago. Organized in a 
manner to assist the clinician treating shock, this 
chapter reviews basic physiological concepts underly- 
ing therapy. 

Francis P. Tally and Sherwood L. Gorbach present a 
comprehensive discussion of antibiotic treatment in 
surgery, including a well-organized discussion of 
probable infecting organisms in sepsis from specific 
etiologies—of help in patients for whom culture re- 
sults are not yet known. A useful discussion of newer 
antimicrobial agents follows. 

Addressing fiberoptic endoscopy of the upper gas- 
trointestinal tract, one of the major advances in the 
management of gastrointestinal disease in the last 
decade, L. H. Blumgart of the Glasgow Royal Infir- 
mary traces the history of peroral endoscopy and pro- 
vides a thorough introduction to special techniques 
for investigation of the pancreatic and biliary ductal 
systems. 

External gastrointestinal fistula, a serious complica- 
tion of abdominal surgery which greatly lengthens 
hospital stay, forms the basis for a discussion by Josef 
E. Fischer of the Hyperalimentation Unit at the Massa- 
chusetts General Hospital. Summarizing the multiple 
metabolic derangements that result, Fischer em- 
phasizes five stages in management: stabilization, 
investigation, decision, definitive therapy, and heal- 
ing. Restoration of blood volume, drainage of ab- 
scesses, and institution of total parenteral nutrition 
form the hallmark of management in such patients. Of 
particular value, this chapter provides an orderly 
primer on management for a surgeon not wholly 
familiar with contemporary treatment of such pa- 
tients. 

In a chapter on parathyroid disease, Lockwood, 
Bruun, and Transbel of the Endocrine Unit at the 
Rigshospitalet, Copenhagen, emphasize that the 
principles of surgery, which have become standard, 
are no longer a problem in the treatment of this dis- 
ease, except perhaps when the question of subtotal 
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paratayroidectomy in all patients is raised. The 
process of recognition and understanding of the dis- 
orders of calcium metabolism has changed, however. 
Applying binary logic trees to decision-making, the 
authors emphasize the logic choices which must be 
made. Their final statement is worth repeating: 


Half a century after Mandel performed the first suc- 
cesstul parathyroid exploration, the prevailing im- 
pression of HPT has changed from that of a very 
dangerous, disabling and exotic disease to that of a 
common endocrine disorder. This has been 
achieved through improved techniques and in- 
creased medical awareness, and carries along with 
it reconsiderations concerning therapy. 


Neurovascular compression syndromes is the topic 
of a chapter by Rob and May, who emphasize the 
protean manifestations throughout the body of com- 
pressior. of various neurovascular bundles. 

Beahrs and Wilson of the Mayo Clinic review inno- 
vations in the management of cancer of the colon and 
rectum. As with upper gastrointestinal tract disor- 
ders, progress in diagnostic instrumentation (fiber- 
optic endoscopy and coloscopy) has greatly im- 
proved tl:e recognition of these tumors. Improvement 
in the outlook for patients with carcinoma of the colon 
and rectum has come with the application of sound 
principles of cancer surgery and a decrease in opera- 
tive mortality through the use of thorough bowel 
preparation and improved postoperative care. 

Inflammatory diseases of the pancreas, still a seri- 
ous problem in general surgery, producing a high 
mortality and morbidity, is discussed by White of the 
University of Washington, Seattle. Supporting the 
concept of sphincteroplasty as opposed to sphinc- 
terotomy, the author takes a firm position in a con- 
troversial area. An important feature of the discussion 
is the emphasis on laparotomy for all patients in 
whom the diagnosis of acute pancreatitis is not clear. 
Otherwise, he believes, the first attack of acute pan- 
creatitis is best treated medically by fasting and gen- 
eral supportive measures unless the patient is not 
improving or can be shown to have gallstones. 

Altman, Randolph, Breckbill, and McSweeney dis- 
cuss abdominal surgical emergencies in infants, 
emphasizing the usefulness of newer diagnostic 
measures such as ultrasound, nuclear medicine tech- 
niques, and invasive vascular studies. This well- 
illustrated chapter is of immense benefit to all who 
provide surgical treatment for small patients. 

Of catholicinterest, this interesting and well-edited 
volume will be of value to medical students, resi- 
dents, and those in community practice who are in- 
frequently called upon to recognize, and perhaps 
treat, the uncommon surgical problem. 


Cleveland, OH 
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Chest Injuries 

By G. Keen, M.S., F.R.C.S. 
Year Book, Chicago, 1975 
186 pp, illustrated, $19.50 


Reviewed by Zwi Steiger, M.D. 


In the preface to this book from Bristol, England, the 
author, who is a thoracic surgeon, states that the book 
was written for the general surgeon, the surgeon treat- 
ing trauma cases, and the anesthesiologist; most in- 
jured patients are initially managed by these physi- 
cians. Since the emergency is at times great, there may 
be no time for consultation. Therefore, it would have 
been better had the content been organized according 
to the priorities of management. The physician man- 
aging trauma wants to know what to do first, second, 
third, and so on. 

There is no chapter on resuscitation in the book. 
Discussion of resuscitation is essential in a book on 
chest trauma. Many patients with chest injuries are 
brought to the hospital in extremis, and sometimes 
they die as they are taken out of the ambulance. They 
can be resuscitated! 

The discussion of respiratory failure is very brief, 
and so is the description of its pathophysiology and 
mechanism. Physiological shunting is not even men- 
tioned. 

The chapter on assessment of injuries is written in 
generalities. The surgeon treating the injured wants 
to know what specific goals to strive for. In the same 
chapter the author, although mentioning the impor- 
tance of monitoring blood gases, writes about clinical 
assessment of cyanosis. This seems to be an anach- 
ronism, since clinical evidence of cyanosis is usually 
a late sign. 

In the picture illustrating the insertion of a chest 
tube, the operative field does not seem to have been 
prepared. When advising the use of antibiotics, the 
author does not specify which ones to use nor does he 
comment on dosage. 

With the rest of the book I have only minor dis- 
agreements, eg, the use of wire for bronchial repair, 
since wire has the potential to erode a vessel. I would 
add a discussion of the subxiphoid surgical approach 
to the pericardial cavity for diagnosis of hemopericar- 
dium. Done under local anesthesia, it is quick and the 
diagnosis is absolute. 

The book has the advantage of being written by a 


single author, based on his own practice. The style is 
uniformly clear, and common sense in management 
prevails throughout. The diagrams are well done. The 
roentgenographic reproductions are good and illus- 
trate the points. 


. Allen Park, MI 


1975 Yearbook of Surgery 

Edited by S. I. Schwartz, J. S. Najarian, E. E. Peacock, 
Jr., G. T. Shires, W. Silen, and F. C. Spencer 

475 pp, illustrated, $19.25 

Chicago, Year Book Medical Publishers, 1975 


Reviewed by Benson B. Roe, M.D. 


The 1975 Yearbook is an exceedingly valuable com- 
pendium of recent advances in every aspect of general 
and thoracic surgery. It will serve as a useful and 
handy reference for quick review, particularly for 
those who need to brush up on familiar areas not 
recently traversed. 

The editors are to be commended on their careful 
selection from the mass of recent literature pertinent 
to a spectrum of surgical subjects. In the cardio- 
thoracic area there are seven articles on coronary 
surgery, thirteen on valve surgery, fourteen on con- 
genital heart surgery, twelve on miscellaneous cardiac 
subjects, twenty-two on noncardiac thoracic subjects, 
and eight on the esophagus. 

The format consists of chapters identifying organ 
systems and specialty areas, each containing a series 
of articles (identified by title, author, and journal) 
neatly and succinctly condensed into approximately 
one page and including a remarkable number of illus- 
trations under the circumstances. Each article is 
supplemented with a concise, authoritative editorial 
footnote highlignting the significance of the article or 
placing it in perspective. These commentaries, in 
lowercase type and varying from oneline to more than 
twenty, add significantly to the value of the book. 

This compendium is recommended for all levels of 
surgical interest, since its sophisticated format will be 
as useful to a busy expert as it will be to a surgical 
trainee and even to an undergraduate medical stu- 
dent. 


San Francisco, CA 


a much-needed aid for all readers of 
The Annals of Thoracic Surgery 


STATISTICS IN MEDICINE 


By Theodore Colton, Sc.D. 
Harvard Medical School 


This important new book from Little, 
Brown provides the physician with suffi- 
cient statistical expertise to evaluate crit- 
ically the presentation, analysis, and inter- 
pretation of data found in medical litera- 
ture. Written specifically from the point of 
view of the practicing physician, the book 
describes clearly and briefly the structure 
and rationale of most common statistical 
methods, including both descriptive and 
inferential statistics. A special section 
illustrates the use — and possible abuse — 
of statistics with examples extracted from 
prestigious medical journals. Physicians, 
medical students, and researchers in the 
life sciences will find the text invaluable as 
they seek to analyze and understand statis- 
tical data in contemporary medical literature. 








CONTENTS 


Rationale for Statistics in Medicine 


FUNDAMENTALS: Descriptive Statistics * Prob- 
ability * STATISTICAL INFERENCE: Inference on 
Means * Inference on Proportions * Regression 
and Correlation * Nonparametric Methods 

* Sequential Analysis * Longitudinal Studies and 
Use of the Life Table * STATISTICS IN MEDICAL 
RESEARCH: Clinical Tables * Medical Surveys 

* Fallacies in Numerical Reasoning * Critical 


ORDER NOW Reading of the Medical Literature 


372 pages. Paper, $12.50; Cloth, $17.50 
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Little, Brown and Company, Medical Division [] Check enclosed. [] Bill me. 
34 Beacon Street 
Boston, Massachusetts 02106 





Please send me copies of Colton's "ees 


STATISTICS IN MEDICINE 








(Check one) [] Paper, #152501-04083, $12.50 Address 
[] Cloth, #152498-04244, $17.50 


I understand that these books are on thirty- A——————————————————— 
day approval. (Publisher pays postage and "—- cn ap 
handling if payment accompanies order. 
Please add sales tax if applicable.) AN 3/75 
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Your Heart Association 


can help 
you 


help your 
patients 


Contributed by the Publisher 


Your patients and their families might have questions about the 
heart and blood vessel diseases. Your Heart Association has 
prepared a variety of pamphlets to assist you in answering their 
questions in simple non-technical language. 


Produced under the guidance of leading cardiovascular spe- 
cialists, these pamphlets deal with such subjects as heart attack, 
stroke, hypertension, rheumatic fever, congestive failure, inborn 
heart defects, varicose veins and other disorders. There are also 
pamphlets advising on risk factors related to heart attack. 


Booklets on therapeutic sodium-restricted or cholesterol-lower- 
ing diets are also available on a physician's prescription only. 


Ask your local Heart Association for a catalogue listing all these 
free materials and order a supply. 


American Heart (^ 
Association 


44 EAST 23rd ST., NEW YORK, N.Y. 10010 





© Copyright 1976 by Krale 


Announcing another PLEUR-EVAC advance: 
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Two independent Collection Chambers (Major & Mi- 
nor) are connected in parallel with the Suction Control 
Chamber and the Water-Seal Chamber. 


e Suction in both Collection Chambers is identical. 

* Water-seal protection in both Collection Chambers 

is identical. 

Each independent Collection Chamber (Major & Mi- 
nor) is equipped with a 6' length of rubber tubing for 
connection to patient's thoracotomy tube. 

* Major Collection Chamber is calibrated in 2 cc. in- 


crements up to 260 cc. Over 260 cc., calibrations 
are in 5 cc. increments up to 2400 cc. 
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e Minor Collection Chamber is calibrated in 2cc. in- 
crements up to 260 cc. and in 5 cc. increments up 
to 600 cc. 


One Pleur-evac Unit fulfills the function of two with 
commensurate savings. 


Sterile and disposable, this new unit incorporates the 
three separate chambers (Suction Control, Water-seal 
and Collection) plus an additional Collection Chamber 
into a unitary construction. 


As with all Pleur-evac Units, you are assured of op- 
timum speed, safety and convenience. 


For a demonstration at your hospital, contact your local representative or write: 


KRALE. 


Division of Deknatel, Inc. Queens Vilage, New York 11429 


PLEDGED TO CONTINUING RESEARCH IN CHEST DRAINAGE 


CLASSIFIED ADS 


Advertisements for positions wanted and positions avail- 
able should be no more than 50 words in length and must 
relate only to situations in the thoracic and cardiovascular 
surgical specialties. All ads are subject to the approval of the 
Editorial Board, and material deemed inappropriate for pub- 
lication in The Annals will be rejected. Ads are published 
monthly and run for three-month sequences. There is no 
charge to the advertiser. 

Please submit full information with each ad, including 
name, address, and telephone number of contact person. If 
anonymity is desired, please indicate this at the time of 
submission and a code number will be assigned to your ad. 
All responses received will remain confidential in The Annals 
Editorial Office and will be conveyed to the advertiser 
shortly after receipt. 

Ads must be submitted no later than eight weeks prior to 
the publication month of the designated issue. Send to: 


Herbert Sloan, M.D. 

Editor, The Annals of Thoracic Surgery 
C-7173 University Hospital 

Ann Arbor, MI 48109 


SITUATIONS WANTED 





Cardiothoracic surgeon, certified by ABS and ABTS, seeks 
full-time position or partnership with a group involved in 
cardiac surgery. Available December, 1976. 


Please respond to W-24, The Annals of Thoracic Surgery, 
C-7173 University Hospital, Ann Arbor, MI 48109. 





Thoracic and cardiovascular surgeon, 36, ABS certified, will 
take ABTS exam in March, 1977. Widely experienced in 
open-heart, pulmonary, and vascular surgery. University 
trained. Seeking solo or partnership. 


Please respond to W-25, The Annals of Thoracic Surgery, 
C-7173 University Hospital, Ann Arbor, MI 48109. 





Cardiovascular and thoracic surgeon, 33, military obligation 
fulfilled, seeks position. Completing university training 
program with extensive operative experience in coronary, 
valvular, thoracic, and peripheral vascular surgery. Avail- 
able July, 1977. 


Please respond to W-26, The Annals of Thoracic Surgery, 
C-7173 University Hospital, Ann Arbor, MI 48109. 





University-trained thoracic and cardiovascular surgeon 
seeks academic position or association in a group, preferably 
with opportunity for research. Available January, 1977. 


Please respond to W-27, The Annals of Thoracic Surgery, 
C-7173 University Hospital, Ann Arbor, MI 48109. 





Thoracic and cardiovascular surgeon, 34, board-certified 
ABS and ABTS, seeks position. No geographic preference. 


Please respond to V. C. Gunpati, 1737 Neil Armstrong St, E 
201, Montebello, CA 90640; tel: (213) 722-2880. 








Cardiovascular and thoracic surgeon, 43, university trained, 
with extensive experience in cardiac and vascular surgery. 
Presently in private practice in California, doing primarily 
coronary artery surgery. Desires to relocate in Northeast. 
Excellent references. 


Please respond to W-29, The Annals of Thoracic Surgery, 
C-7173 University Hospital, Ann Arbor, MI 48109. 





Cardiac, thoracic, vascular surgeon, 36, university trained, 
military obligation completed, married, seeks position 
doing cardiac, thoracic, and vascular surgery. Would like to 
join established group or build new practice. Locale and 
availability flexible. 


Please respond to W-30, The Annals of Thoracic Surgery, 
C-7173 University Hospital, Ann Arbor, MI 48109. 





Cardiovascular surgeon, 38, married, double Board- 
certified, four years private practice experience, seeks reloca- 
tion. 


Please respond to W-31, The Annals of Thoracic Surgery, 
C-7173 University Hospital, Ann Arbor, MI 48109. 





Cardiovascular surgeon, 30, married, desires position with 
cardiac or thoracic surgery group. Diplomate, National 
Board of Medical Examiners, completing accredited car- 
diothoracic surgical residency in July, 1977, with concen- 
trated experience in coronary artery and valve surgery. 


Please respond to W-32, The Annals of Thoracic Surgery, 
C-7173 University Hospital, Ann Arbor, MI 48109. 


Q——————— á———— M —————— 


Cardiovascular surgeon completing university training 
June, 1977, desires academic appointment to pursue inter- 
ests in adult and pediatric cardiac surgery and cardiovascu- 
lar research. 


Please respond to Charles D. Campbell, M.D., Department 
of Surgery, 1084 Scaife Hall, Pittsburgh, PA 15261; tel (412) 
624-2677. 





Thoracic, vascular and general surgeon, Canadian 
university-trained, FRCS(C), certified American Board of 
Surgery, now spending additional year in England to further 
thoracic training, seeks challenging position. Have FLEX, 
available Summer 1977. 


Please respond to W-34, The Annals of Thoracic Surgery, 
C-7173 University Hospital, Ann Arbor, MI 48109. 





Thoracic and cardiovascular surgeon, 35, completing resi- 
dency in June, 1977 at large university center, desires posi- 
tion in cardiovascular and thoracic surgery. Will consider all 
geographical locations. Board certified in general surgery. 


Please respond to W-35, The Annals of Thoracic Surgery, 
C-7173 University Hospital, Ann Arbor, MI 48109. 


A————— ———— — — M — ——— 


Board certified thoracic surgeon, 36, with fellowship in car- 
diac surgery, seeks a position in cardiac surgery group. 
Available July, 1977. 


Please respond to W-36, The Annals of Thoracic Surgery, 
C-7173 University Hospital, Ann Arbor, MI 48109. 


SITUATIONS AVAILABLE 


———————————————!ÁÁU— 
Thoracic surgeon, qualified to apply for ABTS exam, wanted 
to join group practice in Long Island-New York area. 
Salaried position leading to association. Primarily general 
thoracic and peripheral vascular surgery. Must be willing to 
work in several hospitals. 


Send curriculum vitae to A-4, The Annals of Thoracic 
Surgery, C-7173 University Hospital, Ann Arbor, 
MI 48109. 

J—————————————— 'ÁÁ—— 


Experienced cardiac surgeon wanted to join established 
group in fast-growing and desirable metropolitan area. 


Send curriculum vitae to A-5, The Annals of Thoracic 
Surgery, C-7173 University Hospital, Ann Arbor, 
MI 48109. 


€——————————H————: 
University medical center in the Northeast seeks recently 
trained cardiothoracic surgeon with solid clinical qualifica- 
tions and strong research interest. 


Please respond to A-6, The Annals of Thoracic Surgery, 
C-7173 University Hospital, Ann Arbor, MI 48109. 


———————————— 
Thoracic and cardiovascular surgery fellowship positions 


available beginning both January and July, 1977, on active 
thoracic and cardiovascular surgical service in University of 
Pennsylvania Hospital. Applicants must have general surgi- 
cal experience and be capable of senior fellow respon- 
sibilities. 


Please respond to A-7, The Annals of Thoracic Surgery, 
C-7173 University Hospital, Ann Arbor, MI 48109. 





Board-eligible thoracic surgeon wanted to join incorporated 
practice of thoracic surgery in the Boston area. Full fringe 
benefits. 


Send curriculum vitae to A-8, The Annals of Thoracic 
Surgery, C-7173 University Hospital, Ann Arbor, 
MI 48109. 
j———————————— 
Urban group in Northeast wants associate 35 or under with 
double Boards or eligibility. Practice limited to thoracic and 
cardiovascular surgery. Currently doing approximately 
1,000 procedures annually, large volume chest and 
peripheral vascular, two or three pump cases weekly, mostly 
coronary bypass. 


Please respond to A-9, The Annals of Thoracic Surgery, 


C-7173 University Hospital, Ann Arbor, MI 48109. 
— DUAE EDS pica aM ci 


Cardiothoracic surgeon with strong interest in research and 
teaching wanted to fill full-time position at university 
center. Education should include mathematics, engineering 
or both, as well as medicine. Instructor-assistant professor 
level appointment, depending upon experience and educa- 
tion. 


Please respond to A-10, The Annals of Thoracic Surgery, 
C-7173 University Hospital, Ann Arbor, MI 48109. 
—— — P 
Cardiothoracic surgeon/intensivist with research interests 
wanted by medical school affiliated hospital, full-time. Re- 
sponsibility for clinical investigation focused on assisted 
circulation. Strong physiology background desirable. Mul- 
tidisciplinary group with excellent clinical and laboratory 
facilities. 


Send curriculum vitae to Adrian Kantrowitz, M.D., Depart- 
ment of Cardiovascular/Thoracic Surgery, Sinai Hospital, 
6767 W Outer Dr, Detroit MI 48235. 

a 


Cardiovascular surgeon wanted. Excellent postresidency 
opportunity. One year appointment to assist chairman with 
departmental and patient care responsibilities. Active 
open-heart and research program. Board certification or 
eligibility required. 


Send curriculum vitae to A-12, The Annals of Thoracic 
Surgery, C-7173 University Hospital, Ann Arbor, 
MI 48109. 
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Announcing the Datascope Pulsatile 
Assist Device. (RA.D) 

[he first device that produces pulsation 

and counterpulsation from 

your heart-lung machine without 
additional surgery. 















It has long been recog- 
nized that pulsatile perfusion 
is better physiologically for 


i ir- System 80 
the organs and for the microcir  intraAortic Balloon 
culation than the steady flow HE Pump Console 


delivered by the arterial pumps 
of existing heart-lung 
machines. ? : 
We are proud to announce | 
the first clinical device to suc- f 
cessfully produce atraumatic, 
pulsatile flow: The Datascope — —— 
Pulsatile Assist Device (P.A.D.). — 
The Datascope P. A.D. c 
does this by converting the con- 7 
tinuous flow of the roller pump ES | = 
to pulsatile flow. This pulsatile 7 P ae V Heart-Lung Machine | 
flow can also be synchronized ` qe ee | 
with the heartbeat. If the heart 77 
is fibrillating, the P. A.D. can 
nroduce a pulsatile flow at 











« «without the need for an intra- 


selected physiologic rates. 

The P.A.D. can also pro- 
vide counterpulsation both be- 
fore and after cardiopulmonary 
bypass. Which means you can 
now perform counterpulsation 


aortic balloon and additional 
surgery. 

The P. A.D. consists of a 
disposable avalvular balloon 
housed in a rigid plastic cylin- 
der which is inserted into the 
arterial line of the heart-lung 
machine. Blood flows from the roller 
pump through the balloon into the aorta. 
Synchronized pulsation of the balloon is 
produced by the pneumatic action of the 
Datascope System 80 Balloon Pump. 

Clinical use of the A.D? has dem- 
onstrated a marked increase in urinary out- 
put and coronary graft blood flow. And a 
marked decrease in the peri-operative 
myocardial infarction rate. 

In addition, there was no significant 








increase in hemolysis. 

For further information on the 
Datascope P. A.D., or to arrange for a visit 
by one of our technical representatives, 
write or call: Datascope Corp., 580 Winters 
Avenue, Paramus, New Jersey 07652. Tel. 
(201) 265-8800 or Datascope B.V., 
Kyftenbeltlaan 6, Hoevelaken, Holland. 
Tel. 03495-4514. 


The Datascope PA.D. 





CLINICAL REFERENCES 1. Wilkins, H., et al, "The Physiologic Importance of Pulsatile Blood Flow,” New England Journal of Medicine, 267:443, 1962. 2. Madoux. G , et al, "Effect of 
Pulsatile and Nonpulsatile Flow Dur ardiopulmonary Bypass on Left Ventricular Ejection Fraction Early After Aortocoronary Bypass Surgery," American Journal of Car 
- J i y yr E yy 
Bregman, D., et al, “Counterpulsation with a New Pulsatile Assist Device (PAD) in Open-Heart Surgery." Medical instrumentation, 10: 232. 1976 


37:1000, 1976. 3 





Shiley, an integral member 
of the open heart team. 
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The universal standard 
for valvular replacement. 


The Bjórk-Shiley cardiac valve prosthesis, now in 

its 9th year, is supported by a wealth of clinical 
evidence that verifies the quality of its 

performance. For an update on the experience 

with over 125,000 mitral and aortic valves, 

please contact your Shiley technical f 
representative or call: 


xn Shiley Laboratories, Inc. 
e 17600 Gillette Avenue 
Irvine, California 92714 


(714) 979-0500 





For excellence in 
cardiopulmonary perfusion. 


Shiley oxygenators are designed to accomplish physi- 
ologic gas transfer while maintaining an absolute 
minimum of blood and gas contact. Gas to blood flow 
ratios as low as 0.3:1 and consistently lower than 1:1 are 
obtained by employing a Tegraglas* Sparger and an open 
cell sponge in the gas transfer column, creating a range 
of bubble sizes for highly efficient gas transfer (A). 


The Shiley venous side heat exchanger minimizes 

release of gas emboli into the blood during rewarming 

procedures by accomplishing heat transfer prior to com- 

plete oxygen saturation. Shiley’s heat exchanger is the 

only integral unit available which employs a one piece 

aluminum coil with no water to blood seals. The coil is 

pressure tested to 120 PSI—a maximum water inlet 

pressure of 60 PSI is recommended (B). Other features Shiley $-100 
of the Shiley S-100 design are the low priming volumes , 
required, easy set up, and compact size. 





pace Age Microbiciaal Power 


For optimal preoperative skin degerming — BETADINE Surgical Scrub. Chosen 
by NASA for Apollo 11/12/14 splashdowns, BETADINE Surgical Scrub provides 
a golden microbicidal lather for prepping the operative site... kills both gram- 
positive and gram-negative bacteria (including antibiotic-resistant strains), fungi, 
viruses, protozoa and yeasts... promptly achieves full microbicidal effect with 
each usage. (Inthe rare instance of local irritation or sensitivity, discontinue use 
in the individual.) 


To enhance antisepsis — BETADINE Solution or BETADINE Aerosol Spray. After 
initial prepping with BETADINE Surgical Scrub, paint the operative area with 
BETADINE Solution (chosen by NASA for the Skylab mission), or spray with 
BETADINE Aerosol Spray...both are fully microbicidal and film-forming... 
maintain microbicidal activity in the presence of blood, pus and serum...treated 
area may be bandaged, taped or covered by a cast. 


To help maintain postoperative antisepsis— Reapply BETADINE Solution or 
BETADINE Aerosol Spray after suturing and during redressing. BETADINE 
microbicides are virtually nonirritating and do not stain skin and natural fabrics. 


PHOTOGRAPH: SKYLAB IN ORBIT, COURTESY OF THE NATIONAL AERONAUTICS AND SPACE ADMINISTRATION. 


Purdue Frederick 


©COPYRIGHT 1974, THE PURDUE FREDERICK COMPANY/NORWALK, CONN. 06856 
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WHY STIMULATE 


THE HEART WHEN 
TREATING THE LUNGS? 
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Unwanted tachycardia and palpitation can best be avoided 
by using the agent least likely to exert direct cardiotonic 
action. Isoetharine, the bronchodilator in Bronkosol, acts 
preferentially on Beta? receptors — those involved with 
bronchodilation. It has shown less affinity for those involved 
in cardiostimulation — Beta] . 

Bronkosol provides potent bronchodilation with a lower 
order of direct cardiotonic action. The decongestant action 
of phenylephrine further decreases airflow obstruction. This 
means Bronkosol relaxes bronchospasm, reduces mucosal 
edema, increases ventilatory function and improves effort 
tolerance. Yet cardiac stimulation and other Beta] side 
effects are reduced. Too frequent use may cause tachycardia 
or palpitations as with other sympathomimetic amines. 


Relative effects on Adrenergic Receptors ** 











Alpha Beta? Dilates 
Drug and Produces Beta, and Relaxes 
Receptor Vasopressor Stimulates Bronchi and 
Selection H Arterioles 


' Ziment,l.: Resp. Therap. 4:51, May-June 1974. 


For use in Hand Nebulizer, IPPB, O5 nebulization in 


asthma, chronic bronchitis, emphysema" 
(See Indications section) 




















Method of Usual 
Administration Usual Dose Range Dilution 
4 3-7 

Hand Nebulizer inhalations inhalations Undiluted 
1:3 with 

Oxygen 

Aerosolizationt % ml %-% ml saline or 
other diluent 





1:3 with 
saline or 
other diluent 






tAdministered with oxygen flow adjusted to 4 to 6 liters/minute over a period of 
15 to 20 minutes. May be administered simultaneously with other therapeutic 
agents such as antibiotics or wetting agents. 





t TUsually an inspiratory flow rate of 15 liters/minute at a cycling pressure of 15 
cm H20 is recommended. It may be necessary, according to patient and type of 
IPPB apparatus, to adjust flow rate to 6 to 30 liters per minute, cycling pressure to 
10-15 cm H20, and further dilution according to needs of patient. 


Bron kosol® 


Dilabron® (brand of isoetharine) HCI 1.0%: phenylephrine HCI 0.2596; in an aque, 
glycerin solution containing saccharin sodium with sodium chloride, sodium citrati 
sodium bisulfite 0.3%, methylparaben 0.025%, and propylparaben 0.014% as 
preservatives. 


As originally marketed, Bronkosol contained thenyldiamine hydrochla 
0.10%. The present formulation has been revised to delete that ingred 









* INDICATIONS: Based on a review of Bronkosol by the Natio 
Academy of Sciences-National Research Council and/or other in 
mation, FDA has classified the indications as follows: 

"Probably" effective for the acute relief of bronchial asthma c 
other conditions in which bronchospasm is a complicating factor, st 
as chronic bronchitis or emphysema. Final classification of less-th 

effective indications requires further investigation. 





CONTRAINDICATION: Hypersensitivity to any inaredient. 


WARNINGS: Excessive use of an adrenergic aerosol should be disco 
as it may lose effectiveness. Occasional patients have been reported t 
develop severe paradoxical airway resistance with repeated excessive 
an aerosol adrenergic inhalation preparation. In such instances the us 
the aerosol adrenergic should be discontinued immediately and alter 
therapy instituted. Cardiac arrest has been noted in several instances. 

Shouid not be administered along with epinephrine or other sympi 
thomimetic amines, since these drugs are direct cardiac stimulants an 
may a excessive tachycardia. They may, however, be alternated if 
desired. 


USE IN PREGNANCY: Although there has been no evidence of tera 
genic effects with these drugs, use of any drug in pregnancy, lactation 
women of childbearing potential requires that the potential benefit of 
drug be weighed against its possible hazard to the mother or child. 


PRECAUTIONS: Dosage must be carefully adjusted in patients with 
hyperthyroidism, hypertension, acute coronary disease, cardiac asthm: 
limited cardiac reserve, and in individuals sensitive to sympathomimet 
amines, since overdosage may result in tachycardia, palpitation, nause 
headache, or epinephrine-like side effects. 


ADVERSE EFFECTS: Although Bronkosol is relatively free of toxic si 
effects, too frequent use may cause tachycardia, palpitation, nausea, h 
ache, changes in blood pressure, anxiety, tension, restlessness, insomn 
tremor, weakness, dizziness and excitement as is the case with other 
sympathomimetic amines. 


DOSAGE AND ADMINISTRATION: Oral inhalation. Can be adminis 
by hand nebulizer, oxygen aerosolization, or intermittent positive press 
breathing (IPPB). Usually treatment need not be repeated more often 
every four hours, although in severe cases more frequent administrati 
may be necessary. 


HOW SUPPLIED: Bronkosol* for inhalation — bottles of 10 ml. 
(Code No. 1711). 


-BREON | BREON LABORATORIES INC. 
v 90 Park Avenue, New York, N.Y. 10016 
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DAVIS+GECK 


Long-term holding power... 





TI-CRON‘* silicone-treated polyester suture. 


TI-CRON gives you optimal passage through tissue. 


security in cardiovascular TI-CRON also handles easily. 
surgery...including prosthesis It does not stretch, and knots 
implantation. It offers you slide easily into place without 
exceptional strength and chatter. 

holding power, plus flexibility TI-CRON. The proven 

and softness. It is treated with suture with long-term holding 
physiologically inert medical- ^ power for long-term security in 
grade silicone for smooth cardiovascular surgery. 
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The universal standard 
for valvular replacement. 


The Bjork-Shiley cardiac valve prosthesis, now in 

its 9th year, is supported by a wealth of clinical 
evidence that verifies the quality of its 

performance. For an update on the experience 

with over 125,000 mitral and aortic valves, 

please contact your Shiley technical / 
representative or call: 


E pe Shiley Laboratories, Inc. 
| 2 17600 Gillette Avenue 
irvine, California 92714 
4979-0500 





^ For excellence in 
cardiopulmonary perfusion. 


Shiley oxygenators are designed to accomplish physi- 
ologic gas transfer while maintaining an absolute 
minimum of blood and gas contact. Gas to blood flow 
ratios as low as 0.3:1 and consistently lower than 1:1 are 
obtained by employing a Tegraglas* Sparger and an open 
cell sponge in the gas transfer column, creating a range 
of bubble sizes for highly efficient gas transfer (A). 


The Shiley venous side heat exchanger minimizes 
release of gas emboli into the blood during rewarming 
procedures by accomplishing heat transfer prior to com- 
plete oxygen saturation. Shiley’s heat exchanger is the 
only integral unit available which employs a one piece 
aluminum coil with no water to blood seals. The coil is 
pressure tested to 120 PSI—a maximum water inlet 
pressure of 60 PSI is recommended (B). Other features 
of the Shiley S-100 design are the low priming volumes 


Shiley S-100 
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learn of their special surgical 
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Original manuscripts on thoracic, cardiac, and peripheral vascular surgery will be considered for 
publication in The Annals of Thoracic Surgery with the understanding that they be submitted only to 
this journal. Send manuscripts preferably by certified or registered maii to Herbert Sloan, M.D., 
Editor, The Annals of Thoracic Surgery, C-7173 University Hospital, Ann Arbor, MI 48104. 


The Annals welcomes correspondence. Letters are reviewed according to the same standards as other 
contributions. Unsigned letters cannot be published. 
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Case Reports. Limit findings to those pertinent to the case. Negative findings that are not relevant 
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References. Type double-spaced on pages separate from the text. Arrange alphabetically by author 
and number in sequence. Cite in text by number within brackets. Double-check to ensure accuracy. 
Use Index Medicus style, giving complete publication data. Examples: 


Journal article: Grondin CM, Meere C, Castonguay YR, et al: Blood flow through aorta-to- 
coronary bypass grafts and early postoperative patency: a study of 100 patients. 
Ann Thorac Surg 12:574, 1971 
Book: Baum G: Textbook of Pulmonary Diseases. Second edition. Boston, Little, 
Brown, 1974 
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Boston, Little, Brown, 1971, p 249 


Tables. Limit the number of tables, restrict them to material best presented in tabular form, and hold 
length to one manuscript page if possible. Type double-spaced on pages separate from the text. 
Provide a brief title for each table. 


Illustration Legends. Type double-spaced on pages separate from the text. Do not paste or fasten to the 
illustrations. Provide one legend for each illustration or grouped illustrations and number in se- 
quence. 


The Annals can consider only a limited number of illustrations per paper without special arrangement. 
Submit original artwork or unmounted original glossy prints (individual parts separate) in black and 
white. (Color may be used only by special arrangement and is subject to extra charges.) A line 
drawing that contains no shading or wash can be reproduced well from a glossy photograph. A line 
drawing with shading, however, can be best reproduced from the original drawing. Illustrative 
material must be of good quality, suitable for reproduction and for reduction as necessary to page 
size. Chest roentgenograms should be no smaller than 13 x 18 cm. Identify by number in sequence 
and by author's last name by writing lightly with soft pencil on the back. Indicate top of illustration. 
Accompany photographs of recognizable persons by a signed release from the subject. All 
illustrations should be submitted in duplicate. Do not use paper clips to attach illustrations. 


Color Illustrations. Color figures of real value to an article will be considered for publication. Part of 
the reproduction and printing costs will be borne by The Annals; the author must be prepared to pay 
$350 for up to six finished illustrations that will fit on one side of a single page, and for any 
additional figures or special effects. Positive 35 mm color transparencies must be submitted for 
evaluation; color prints should not be sent without transparencies. The slides should be packed 
carefully and sent with the manuscript, in a separate container or between two sheets of cardboard. 
(Glass-mounted slides should not be sent through the mail.) 


Obtain and submit with the manuscript written permission to use nonoriginal material (quotations 
exceeding 100 words, any table or illustration) from both author and publisher of the original. 


Reprints should be ordered before publication on the form supplied the author with proofs. Reprints 
ordered after the press run has been completed will be provided at increased cost. 
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Only 


ETHIBOND 


POLYESTER SUTURE 
has polybutilate 


the first coating desrened for surgery 





All coated sutures available until now have been coated with 
commercial lubricants. ETHIBOND suture, a braided polyester, is 
coated with polybutilate, also a polyester but developed specifically 
for surgical use. 

Since polyester coating has a natural affinity for polyester 
braid, a strong cohesive attraction forms — and minimum polybutilate 
is required for maximum lubrication. Each suture is uniformly coated 
according to size, virtually eliminating any possibility of the lubricant's 
flaking, shredding or beading. Thus, ETHIBOND suture exhibits less 
tissue reaction compared to sutures which tend to exfoliate their coating. 

With its minimum polybutilate coating, ETHIBOND suture 
has a soft, pliable hand — easy to tie and knot. It passes through tissue 
with an ease that can be compared to monofilament suture materials. It 
has high tensile strength, and retains its strength in vivo. 

ETHIBOND suture is available in a full range of sizes, in 
precut unthreaded sutures or swaged to Super-Smooth needles 
specifically designed for cardiovascular surgery. 

The cardiovascular surgeon who prefers braided sutures will 
find the smoothness, strength and minimal reactivity of ETHIBOND 
suture of value in valve replacements, graft-to-tissue anastomoses and 
revascularization procedures. 


ETHICON 








*Trademark (See next page for complete product information.) © ETHICON, INC. 1976 
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ETHIBOND* 


POLYESTER SUTURE 


NONABSORBABLE 
SURGICAL SUTURE, U.S.P. 


DESCRIPTION 

ETHIBOND suture is nonabsorbable, braided, polyester 
(polyethylene terephthalate or MERSILENE* polyester) fiber 
uniformly coated with polybutilate, or poly [oxy-1, 
4-butanediyloxy (1,6-dioxo-1,6-hexanediyl)]. The highly adher- 
ent coating is a biologically inert, nonabsorbable compound 
which acts as a lubricant to mechanically improve the physi- 
cal properties of the uncoated suture by improving ease of 
passage through tissues and by providing overall improved han- 
dling qualities as contrasted to the braided, uncoated fiber. 


ETHIBOND sutures are sterile, inert, and elicit minimal tissue 
reaction. They are braided for optimal handling properties, 
and for good visibility in the surgical field the dyed sutures are 
colored with D&C Green No. 6. 


ACTIONS 

ETHIBOND sutures are strong, nonabsorbable sutures: sub- 
cutaneous tissue implantation in rats shows that no signific- 
ant change in the retention of tensile strength of the suture 
occurs during the entire evaluation period of 180 days. Both 
the polyester fiber suture material and the polybutilate coating 
are pharmacologically inactive. 


INDICATIONS 
ETHIBOND suture is intended for use as a nonabsorbable 
suture. 


CONTRAINDICATIONS 


None 


WARNINGS 
ETHIBOND polyester sutures have not been evaluated in 
ophthalmic surgery. 


Do not resterilize. 
PRECAUTIONS 
As with all sutures, acceptable surgical practice must be fol- 


lowed with respect to drainage and closure of infected 
wounds. 


Knot security requires the standard surgical technique of flat 
and square ties, with additional throws if indicated by surgical 
circumstance and the experience of the operator. 


Two-year carcinogenicity studies in Long-Evans rats demon- 
strated no carcinogenic potential. 


ADVERSE REACTIONS 

Slight erythema and/or induration at suture sites have been 
reported in approximately 2% of the patients in whom 
ETHIBOND sutures have been used, a not unexpected reaction. 


DOSAGE AND ADMINISTRATION 


Use as required per operation. 


HOW SUPPLIED 

ETHIBOND sutures are available sterile as green braided and 
undyed (white) strands in sizes 5 to 7/0 in a variety of lengths, 
with and without needles, in one and three dozen units. 


*Trademark 
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THE ADULT POSTOPERATIVE CHEST by Myron 
Melamed; Florencio A. Hipona, Harvard Medical School, 
Boston; Carlos J. Reynes, Loyola Univ. School of Medicine, 
Maywood, Illinois; Walter L. Barker, Univ. of Illinois, Chi- 
cago; and Santiago Paredes, Boston Univ. School of Medi- 
cine, Boston. Foreword by Hiram T. Langston. Uniquely 
comprehensive and cohesive, this book presents a collection 
of material relating to adult pulmonary and cardiovascular 
surgery. Clinical, physiologic and radiologic considerations 
are included in an interdisciplinary and balanced approach. 
The pulmonary section includes chapters on general clin- 
ical considerations, air-fluid in the pleural space, redistribu- 
tion of the lobes after surgery, postoperative pulmonary 
function, and complications. The cardiovascular section 
covers the postsurgical status of congenital and acquired 
cardiovascular lesions. ’77, 396 pp., 578 il., 1 table, $31.50 


BLOOD GASES IN CLINICAL PRACTICE by Leopoldo 
Lapuerta, Univ. of Texas Medical School, San Antonio. 
Foreword by Sydney Schiffer. The subject of blood gases is 
discussed in this volume in an eminently practical manner. 
The approach is simple and basic; the style clear and 
straightforward. The initial chapter reviews the necessary 
physical and chemical concepts. This is followed by data on 
the interpretation of blood gases, symptoms caused by their 
abnormalities, and rational therapeutic approaches to de- 
rangements of ventilation, oxygenation and acid-base bal- 
ance. The remainder of the text, more than half the book, 
reviews in detail the practical use of blood gases in a variety 
of ciinical situations. These range from the classic subjects 
of respiratory failure and pulmonary edema to conditions 
in which the usefulness of blood gases is less well known 
but still very important, such as epileptic convulsions and 
kyphoscoliosis. '76, 132 pp., 9 il., 8 tables, $12.50 


PATHOLOGY OF DISRUPTIVE PULMONARY EM- 
PHYSEMA by A. E. Anderson, Jr., Baptist Memorial Hos- 
pital, Jacksonville, Florida, and Alvan G. Foraker, Quincy 
City Hospital, Quincy City, Massachusetts. Foreword by H. 
Spencer. (4 Contributors) Up-to-date coverage is offered of 
the morbid anatomical features of various types of disrup- 
tive pulmonary emphysema and their effect on lungs, air 
passages, pulmonary vasculature and heart. The first three 
chapters offer definition and classification, methodology 
and epidemiology. Each subsequent chapter concerns itself 
with a specific anatomical level, includes a discussion of 
pertinent normal features, and gives an in-depth account of 
pathological alterations and pathogenic concepts. The 
prevalence of the disease in general population groups and 


in relation to background factors is also examined. '76, 256 
pp., 118 il., 32 tables, $18.50 


AN ATLAS OF NON-INVASIVE TECHNIQUES: Sound 
and Pulse Tracings—Echograms by Aldo A. Luisada, 
Gloria L. Perez and Pachalla K. Bhat, all of Oak Forest 
Hospital, Oak Forest, Illinois. Interpretations of tracings 
obtained by indirect methods are detailed in this book and 
the usefulness of these methods, the precision of their data 
and their possible shortcomings are discussed. Sound trac- 
ings, apex cardiograms and pulse tracings are presented 
along with echocardiograms of the mitral and aortic valves. 
The illustrations were selected from 25,000 tracings re- 
corded in about 3,500 subjects, using the most recent trac- 
ings whenever possible. Correlations with catheterization 
data were made in the most significant of these cases. '76, 
568 pp. (9 3/4 x 6 3/4), 388 il.. $34.50, vinyl 
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SPRINGFIELD. ILLINOIS -62717 


The Swank Transfusion Filtei à 


Becausethe 7% 
human lung is no 
place to stop 


microageresates. 


You know how important a filter 
can be during blood transfusion’! 
Without an effective filter, 
aggregated organic debris passes 
into the blood stream, where it 
can cause pulmonary lesions, 
tissue morbidity and respiratory 
compromise? 

Standard screen filters are effec- 
tive in removing most large 
particles of aggregated organic 
matter. But the vast majority of 
dangerous debris measures from 
10 to 40 microns in diameter! — 
far too small to be trapped by the 
screen filters, yet large enough to 
obstruct pulmonary capillaries. 


The Swank Transfusion Filter 
traps microaggregates as 
small as 10-15 microns in size. 
The Swank Filter employs a unique 
design—a standard screen filter 

to stop large aggregates, anda 
Dacron” wool filter below to 
remove fine debris. Because 
microaggregates are adhesive by 
nature they adsorb to the wool. 
These microaggregates have 
many opportunities to adsorb to 
the wool filter due to its large 
surface area (7000 cmĉ). Viable 
blood cells, on the other hand, 
easily pass through the filter. 
Unlike screen-type filters, the 
Swank filter does not break-up or 
extrude aggregates? 


Increased flow rates with the 
Swank Filter Model IL-201. 
Now you can get all of the advan- 
tages of Swank filtration with flow 
rates over 100 cc/min* in the 
Swank Filter Model IL-201. And 
it's convenient, because the 
IL-201 has an integral administra- 
tion set. 


(References—copies available upon request) 


1. Swank, R.L., Connell, R.S.. and Webb, 
M.C., "Platelet-Leukocyte Emboli” Journal 


of Extracorporeal Technology, Fall, 1973. 

2. Barrett, J., Dawidson, |., Dhurandhar, 
H.-N., et al: Pulmonary Microembolism 
Associated with Massive Transfusion II. The 
Basic Pathophysiology of its Pulmonary 
Effects. Ann. Surg. Vol. 182:56 1975. 
3.!Connell, R.S., Webb, M.C., "Filtration 
Characteristics of Three New In-Line Blood 
Transfusion Filters; Annals of Surgery, 

Vol. 181, March 1975. 


Contraindications: Do not use for trans- 
fusion of platelet packs, or fresh whole 
blood being used as primary therapy for 
thrombocytopenia, platelet dysfunction or 
similar pathological conditions. The IL-101 
Blood Administration Set is not for use 
without a Swank Filter. 

Warnings: Swank Transfusion Filters and 
Administration Sets are for single use only. 
Do not resterilize. 

Note: For complete use information, refer 
to package insert. 


*Average flow rate of 3 successive units of 
blood through the IL-201, 18 gauge 
catheter, and into the arm of a patient. All 
blood units were pressurized to 300 mm. 
Hg. external pressure. 


extracorporeal 


Extracorporeal Medical Specialties. Inc 


Roya A Fx GS Roada Kawi 1 


H Ms 


TU Fä 
In Europe, write: Extracorporeal S.A.. 


253 Ave. Winston Churchill, 
B-1180, Brussels, Belgium 


Microaggregates adhering to 


B Tasa 28, 46 


SWoaMnH 
FILTERS 


ATS 


Extracorporeal Medical Specialties, Inc. 
Royal & Ross Roads 
King of Prussia, PA 19406 (215) 337-2400 


Please send me more information about the 
Swank® Transfusion Filter 


T E pr pp n RR RE UV ee tS | 
Name 


T ————— M — 
Title 


Hospital Affiliation 


P PCS Run PITT LEE ys 9 NE 
Address 


City 








THE ONLY 
LITHIUM 
PACEMAKER 
WORTHY 

OF THE 
MEDITTRONIC 
NAME. 


The Xyrel pacemaker combines the 
performance potential of 
Medtronic’s exclusive lithium power 
source with Medtronic's own 
advanced circuitry. That means it's a 
pacemaker that provides essential 
performance features no other 
lithium pacemaker can offer. 


Constant Rate... 

a Medtronic Exclusive 

A constant rate for the service life of 
the Xyrel pacemaker provides a 
stable and assuring pacing rate for 
your patients; however, once the 
voltage depletes to a predetermined 
but safe level, a gradual rate 
decrease occurs to communicate 
the need for pacemaker 
replacement. 


Constant Energy... 

another Medtronic Exclusive 

A measured gradual increase in 
pulse width (pulse duration) provides 


relatively constant energy to the 
heart as power source voltage 
decreases. Energy to provide 
stimulation is almost the same when 
replacement is indicated as it is the 
first day of implant. 


The Xyrel pacemaker also offers 
many other features: 


e Small size, round shape 

e improved EMI compatibility 
e Improved sensing amplifiers 
e And many more 


Prescribe the Xyrel pacemaker from 
Medtronic. 
It’s the evolution of excellence. 
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Helping you help 
the pacemaker patient 








MEDTRONIC * 
IMPLANTABLE PULSE GENERATORS 


INTENDED USES 

Ventricular pacing using an implantable 
ventricular pulse generator is for long-term 
therapeutic control of heart rate in 
patients with impulse formation or 
conduction disorders leading to brady- 
arrhythmias, tachyarrhythmias and heart 
block (see product labeling for detailed 
list of intended uses). 


CONTRAINDICATIONS 

There are no known contraindications to 
the use of pacing as a therapeutic 
modality for the control of heart rate. The 
patient's age and medical condition, 
however, may dictate the particular 
pacing systems and implantation pro- 
cedure used by the physician. 


WARNINGS 

Diathermy should not be used on patients 
with pacemakers because of possible 
heat damage to electronic components. 
Electrosurgical units should never be used 
in the vicinity of unipolar pulse generators 
or bipolar pulse generators implanted in 
the unipolar mode because of danger of 
introducing fibrillatory currents into the 
heart via the implanted pulse generator/ 
lead. Pulse generators may be damaged 
by defibrillatory discharges if the paddles 
are placed over the implanted pulse 
generator. 


PRECAUTIONS 

The physician should be aware that all 
pulse generators will ultimately cease to 
function, and may fail at any time due to 
random component or battery failures 
which cannot be predicted prior to fail- 
ure. Also, that the pacing system may 
cease to function at any time due to lead- 
related problems such as displacement, 
fracture, fibrotic tissue formation, and 
elevated thresholds, and that proper 
operation may be affected by electrical 
interference from equipment using elec- 
trical energy, or medical complications. 


SIDE EFFECTS 

Body rejection phenomena, including 
local tissue reaction, muscle and nerve 
stimulation, infection, erosion of pulse 
generator/lead through skin, ransvenous 
lead-related thrombosis, embolism and 
cardiac tamponade. 


ÊS Mectronic 


Medtronic, Inc. 
3055 Old Highway Eight 
Minneapolis, MN 55418 





Now, automated 
cardiac output for 


open-heart patients 


... With IL's 2-French 
transthoracic catheter and 
proven C.O. measuring system. 
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To help you improve the fluid and 
| drug therapy of a wider variety of 
patients, including premature infants, IL has 
added a 2-French Open-Heart Transthoracic 
Catheter to its automated cardiac output system. 
The new catheter facilitates pushbutton deter- 
mination of C.O. (with thermodilution injection 
made through a separate CVP line) and pulmonary 
artery temperature. It is: 
— Reusable up to 5 times, with teflon construction 
and closed distal tip. 
— Highly visible, fluoroscopically, with platinum 
and. 
— Furnished with introducer, to simplify insertion. 
Removable non-surgically. 


No matter which IL catheter you use, the IL601 
C.O. measuring system provides high accuracy and 
easy operation; requires no rectal temperatures; 
utilizes room temp. or iced injectate. This complete 
system includes: Computer ecorder (601/602); 
Automatic Injector (55651); Iced Injectate ba 
(26420); and 7F Adult (44166-05), 7F Anima / 
Pediatric (44671-05), 5F Pediatric (44645-05) 
and 2F Open-Heart (44910-05) Catheters. 

For a demonstration, call toll-free (in U.S.): 
800-225-1481. Or write: Instrumentation 
Laboratory, Lexington, Mass. 02173. 
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a much-needed aid for all readers of 
The Annals of Thoracic Surgery 


STATISTICS IN MEDICINE 


By Theodore Colton, Sc.D. 
Harvard Medical School 


This important new book from Little, 
Brown provides the physician with suffi- 
cient statistical expertise to evaluate crit- 
ically the presentation, analysis, and inter- 
pretation of data found in medical litera- 
ture. Written specifically from the point of 
view of the practicing physician, the book 
describes clearly and briefly the structure 
and rationale of most common statistical 
methods, including both descriptive and 
inferential statistics. A special section 
illustrates the use — and possible abuse — 
of statistics with examples extracted from 
prestigious medical journals. Physicians, 
medical students, and researchers in the 
life sciences will find the text invaluable as 
they seek to analyze and understand statis- 
tical data in contemporary medical literature. 


CONTENTS 


Rationale for Statistics in Medicine 


FUNDAMENTALS: Descriptive Statistics * Prob- 
ability * STATISTICAL INFERENCE: Inference on 
Means * Inference on Proportions * Regression 
and Correlation * Nonparametric Methods 

* Sequential Analysis * Longitudinal Studies and 
Use of the Life Table * STATISTICS IN MEDICAL 
RESEARCH: Clinical Tables * Medical Surveys 

* Fallacies in Numerical Reasoning * Critical 


ORDER NOW Reading of the Medical Literature 


372 pages. Paper, $12.50; Cloth, $17.50 





TNI DARDI AA SITIEESEEWUEEXET X 


í ~~” 
z 
P 


Little, Brown and Company, Medical Division [] Check enclosed. [] Bill me. 
34 Beacon Street 
Boston, Massachusetts 02106 


> A N 
Please send me copies of Colton's — 


STATISTICS IN MEDICINE 
(Check one) [] Paper, #152501-04083, $12.50 Address 
E Cloth, #152498-04244, $17.50 





I understand that these books are on thirty- 
day approval. (Publisher pays postage and 
handling if payment accompanies order. 
Please add sales tax if applicable.) AN 3/75 
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Paceguard is the complete pacemaker follow-up 
transmitter. In a single unit, it combines the simplicity 
and reliability of CDI's spike-peripheral pulse system 
and the diagnostic value of an EKG. 


Paceguard's three modes ofoperation can be switch- 
selected as patient physiological and clinical needs 
require. This system provides the physician with 
optimum data for evaluating pacemaker function as 
well as diagnosing cardio/pacemaker problems. 


Paceguard's human engineering and simple oper- 
ation make it easy to use by pacemaker patients. It's 
patient oriented features include a step by step pro- 
grammable system for operating instructions, a call 
back signal to enhance communication between 
patient and technician, and a special compartment 
engineered for easy battery replacement. 


Paceguard is anew concept in pacemaker follow-up 
from Cardiac Datacorp, Inc., the professionals ded- 
icated tothe care and security of pacemaker patients. 
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Paceguard.. 


Complete 
Pacemaker 











Pacemaker Spike, EKG and Peripheral Pulse 
(Negative Spike) 


CARDIAC DATACORP, INC. 


Pacemaker Follow-up Systems 


EDITORIALS 


Special Training Programs 


in Thoracic Surgery: Past or Prologue? 


Lawrence I. Bonchek, M.D. 


In 1971 the American Board of Thoracic Surgery 
approved a number of special training programs 
in thoracic surgery as an experiment in thoracic 
surgical education. The programs were estab- 
lished to determine whether such education 
could be improved and even shortened by rede- 
signing and integrating the general and thoracic 
surgical residency experience of aspiring 
thoracic surgeons to broaden and deepen their 
exposure to thoracic and, most particularly, car- 
diac surgery, while shortening the time they 
spent in general surgery and the other surgical 
specialties. The specific considerations that pre- 
ceded this innovation were reviewed in The An- 
nals in 1973 by Dr. Myron W. Wheat, Jr., then 
Chairman of the Training Programs Committee 
of the American Board of Thoracic Surgery [1]. 
(The interested reader is urged to review that 
article as a prerequisite to these remarks.) In 
brief, the special training programs were ex- 
pected to provide a minimum of six years of 
postgraduate surgical education with three 
years of clinical general surgery, at least two 
years of clinical thoracic and cardiovascular 
surgery, and a third year in fields related to 
thoracic and cardiovascular surgery such as car- 
diology, cardiac pathology, and so on. Most im- 
portantly, those who completed these programs 
were to be eligible for examination by the 
American Board of Thoracic Surgery without 
prior certification by the American Board of 
Surgery, which was a significant deviation from 
the Board's usual requirements. 

Despite the optimism that characterized the 
inauguration of the Special Training Programs, 
their early history was hardly auspicious. Ini- 
tially, four special training programs were 
approved—at Albany Medical College, The 
Cleveland Clinic, Rush—Presbyterian—St Luke's 
Medical Center, and the University of Michigan. 


From the Department of Thoracic and Cardiovascular 
Surgery, Medical College of Wisconsin, 8700 W Wisconsin 
Ave, Milwaukee, WI 53226. 
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Approval of a fifth at the Medical College of 
Wisconsin became effective in July, 1972. In the 
ensuing years, two of the first four programs 
lapsed for various internal reasons; two trainees 
completed the program at the University of 
Michigan and two more are completing it; and 
one trainee finished the program at The Cleve- 
land Clinic. The Medical College of Wisconsin 
enrolled four applicants, but none had com- 
pleted the program at this writing. As a result, 
the American Board of Thoracic Surgery recently 
decided that it would no longer admit trainees to 
the Special Training Programs, since the 
number of active programs and of trainees was 
too small to provide meaningful information 
and it is unlikely that new programs will be 
established. 

This decision is justified by current circum- 
stances, but it still seems likely to me that 
rapidly approaching changes in general surgical 
education will eventually justify a reassessment 
of experimental thoracic surgery training pro- 
grams. These changes are the requirement for 
recertification in general surgery and the de- 
creasing number of approved training positions 
in general surgery. This essay discusses some 
common criticisms of the Special Training Pro- 
grams and emphasizes the influence of these 
latter considerations. 

One concern about Special Training Programs 
was the potential limitation placed on gradu- 
ates' career choices by their lack of certification 
by the American Board of Surgery. This problem 
seemed to me more imagined than real. The 
certificate issued by the American Board of 
Thoracic Surgery to Special Training Program 
graduates would have been indistinguishable 
from other certificates issued by the ABTS. Sec- 
ond, current trainees in thoracic surgery have 
little, if any, interest in practicing outside their 
chosen field of specialization. 

Most importantly, thoracic surgery residents 
with traditional double Board certification must 
henceforth be periodically recertified by the 
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American Board of Surgery if they wish to 
continue to use the Board's certificate for the 
practice of general surgery. The criteria for recer- 
tification are still imprecise, but it is unlikely 
that recertification for the practice of general 
surgery could be obtained by a thoracic surgeon 
in practice for several years who had no interim 
abdominal surgical experience and little famil- 
iarity with progress in gastrointestinal phys- 
iology, endoscopy, immunology, and pharma- 
cology during the interval since his original 
certification. To do so would vitiate the meaning 
of the recertification process for practicing gen- 
eral surgeons. This issue has not yet been openly 
dealt with by the American Board of Surgery, 
but its resolution would obviate one of the most 
important criticisms of the Special Training Pro- 
grams. 

Another concern was the possibility that Spe- 
cial Program trainees might receive inferior 
general surgical experience because they would 
not be given the best service assignments. The 
importance of this factor will be mitigated by the 
decline in the number of approved general 
surgery chief residency positions. As a result, 
there will be positions and operative experience 
at the lower levels for trainees who will not com- 
plete the programs and who will provide sup- 
port for busy surgical services that have in- 
adequate resident staffing. In any event, this 
consideration might be irrelevant in a suitably 
oriented general surgical program. For decades, 
and without bias, such programs have provided 
a basic surgical education to residents destined 
for careers in orthopedics, urology, otolaryngol- 
ogy, and other fields, and they should do so for 
potential cardiothoracic surgeons as well. 

One might also inquire why an apparent ef- 
fort was being made to abbreviate thoracic sur- 
gical training at a time when manpower studies 
and proposed governmental regulations 
suggested that fewer thoracic surgeons should 
be trained. These imperatives should have pro- 
vided a rationale for longer, not shorter, pro- 
grams. First, there is the obvious but oft- 
forgotten fact that the number of thoracic 
surgeons produced depends upon the annual 
number of graduates, not upon the length of 
their training. Any change in length of a resi- 


dency exhausts its effect in the first year after 
that change. 

More importantly, however, the question dis- 
torts the true emphasis of the Special Programs, 
which was to enhance the quality of the educa- 
tional experience, not merely to shorten it. The 
time saved was a corollary bonus resulting from 
a paring of certain nonessential rotations, since 
the Special Programs did not conform to the 
requirements of the American Board of Surgery. 
The unique advantages of the Special Programs 
were unrelated to their brevity; if subsequent 
experience had suggested that the programs 
were effective in concept but inappropriately 
short, they might have been expanded to seven 
years while retaining their fundamental design. 

From the onset, the program at the Medical 
College of Wisconsin differed somewhat from 
the others in that the extra year of exposure to 
thoracic and cardiovascular surgery and its re- 
lated disciplines was not relegated to a “bonus” 
year but was carefully interwoven into the pro- 
gram. Clinical thoracic and cardiovascular 
surgery experience as well as exposure to clinical 
cardiology and the catheterization laboratory 
were provided in the first year; cardiac pathol- 
ogy was studied in the second; six months of 
cardiovascular research was carried out in the 
third; clinical thoracic and cardiovascular train- 
ing was provided in the fourth and fifth; and a 
full year of thoracic and cardiovascular surgery 
was practiced in the sixth and final year. Abun- 
dant general surgical experience was provided 
from the first to the fifth years, and the usual 
surgical subspecialty rotations were omitted. 

The advantages of such a syllabus are several, 
though they are not necessarily self-evident. A 
major asset of such a special training program is 
the opportunity to expose trainees to car- 
diothoracic disciplines early in their training 
when their enthusiasm, retentiveness, and mal- 
leability are maximal. Latent interests in re- 
search and education (academic pursuits) are 
more easily aroused during a trainee’s very early 
years by an interested program director, and it 
would be a pleasant and expected (but by no 
means essential) consequence of the Special 
Training Program to have a disproportionately 
large percentage of graduates elect academic 
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careers. Moreover, abbreviation of the manda- 
tory training period should enhance the willing- 
ness of graduates to seek additional elective ex- 
perience here or abroad in areas of particular 
interest such as cardiac physiology, congenital 
heart surgery, and so on. In a suitably flexible 
program, the special experience need not be 
withheld until the end of training. The program 
director has the unique advantage of observing, 
counseling, and instructing the trainee during 
his entire residency, so career plans can be con- 
tinually reviewed and periods of special experi- 
ence can be scheduled well in advance. Weekly 
preoperative and morbidity conferences can be 
attended by trainees for six years, providing 
unparalleled exposure to a broad spectrum of 
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clinical material and management philosophies. 
The occasional trainee who has clearly made the 
wrong career choice can be identified by the 
program director by personal observation early 
in his training and can be rerouted with minimal 
anguish into another specialty. 

The opportunity to assess all these pos- 
sibilities stirred the interest of many concerned 
with surgical education. I suspect that the com- 
ing rapid changes in general surgical training 
may provide another chance to explore these 
issues. 


Reference 


1. Wheat MW Jr: Special training programs in 
thoracic surgery. Ann Thorac Surg 15:661, 1973 


The Baffle Baffle 


Dwight C. McGoon, M.D. 


Since the concept of creating intraatrial trans- 
position of venous return as a correction for 
transposition of the great arteries occurred to 
Albert [1], an impressive variety of methods has 
evolved to put it into practice. The earliest tech- 
niques, those of Albert and then Senning [6], 
utilized the walls and septum of the atria them- 
selves to form the intraatrial baffle, but most 
subsequent methods have made use of a non- 
cardiac material, either autogenous or pros- 
thetic, and particularly of pericardium accord- 
ing to the technique of Mustard [4]. In an 
attempt to simplify the procedure, to avoid 
entry into pleural spaces, and also to allow par- 
tial closure of the pericardium at the conclusion 
of the procedure, some surgeons have sub- 
stituted prosthetic material of a porous and 
elastic nature as the baffle. In this issue (p 204) 
Dillard and co-workers demonstrate how such 
a prosthetic baffle may be preshaped to the an- 
ticipated ideal conformity. Mustard’s group has 
seen no advantage in deviating from the orig- 
inal rectangular pericardial baffle, whereas others 
have trimmed the rectangular baffle while sutur- 
ing it into position and still others have pre- 
trimmed it to a dumbbell or trousers shape. 
Until Brom* and subsequent proponents of the 
trousers-shaped patch came forth, surprisingly 
little attention was given, in the literature at 
least, to specific measurements and dimensions 
for the baffle; along with advocacy of the trou- 
sers shape, however, multiple precise measure- 
ments for fashioning the baffle have been 
recommended [8]. 

The question of the ideal size, shape, and 
conformity for the prepared baffle is somewhat 
irrelevant, especially now that most of these op- 
erations are indicated during infancy. The na- 
tive heart walls will be growing postoperatively, 
whereas prosthetic materials obviously will not 
grow with the child; and there is little hope, and 
less evidence, that autogenous pericardium will 
grow either. Actually, these materials will prob- 


*Brom AG: Personal communication, 1973. 


ably shrink markedly. It is expected that the 
living portions of the walls of the systemic and 
pulmonary flow pathways will mold themselves 
in their growth to compensate for the fixed 
status of the baffle. If this were not so, an in- 
creasing incidence of venous obstruction would 
occur as the postoperative follow-up lengthens, 
but such a tendency has not yet been noted. To 
say it another way, if stenosis of a venous flow 
pathway—either superior or inferior vena caval 
or pulmonary venous—is going to occur, it is 
more likely to be detectable early after operation 
than to develop years later. 

An additional concern besides failure of the 
baffle to grow is the probability that it can con- 
tract postoperatively, especially if it is made of 
synthetic material. Stark and associates [8] 
found an alarmingly higher incidence of caval 
stenosis when they employed a dumbbell- 
shaped baffle made of Dacron than when they 
used a similar baffle made of pericardium. 
Anecdotal observations by others, including 
myself, of postmortem specimens in which the 
Dacron baffle appears to have stimulated a thick, 
contracting peel have caused us and others to 
revert to using pericardium as the preferred ma- 
terial. 

The dilemma that the surgeon faces, of course, 
is that if he gives ample room for the caval flow 
pathways by suturing the posterior portion of 
the baffle far posteriorly, he potentially en- 
croaches on the pulmonary venous flow path- 
way, and vice versa. Similarly, if the baffle is 
allowed to billow generously in its central por- 
tion to open the caval channels, it is apt to 
adhere to itself near the entry of the right pul- 
monary veins into the atrium and thus to cause 
stenosis of the pulmonary venous channel, 
especially from the left lung. The problem is 
greatly magnified when working in the small 
atria of the infant, where a millimeter or two in 
the diameter of a channel can be extremely im- 
portant. It is in this setting especially that the 
technique of enlarging the atrial chamber itself 
may be indicated, and many who are quite ac- 
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tive in cardiac surgery in infants employ this 
method. The technique involves placing the at- 
riotomy, as Dillard and co-workers did, in a 
transverse plane, beginning from the right atrial 
appendage and extending around between the 
right superior and inferior pulmonary veins to 
the midpoint of the posterior left atrial wall. 
Then, after inserting a generous baffle after the 
manner of Mustard, a large, teardrop-shaped 
pericardial patch is used to close the atriotomy 
and thus enlarge the atrium. 

There are many problems in addition to those 
relating to the baffle which must limit our long- 
range optimism for the technique of intraatrial 
transposition of venous return as the ultimate 
correction for transposition of the great arteries. 
These include postoperative dysrhythmias, 
tricuspid regurgitation, and especially right 
ventricular failure. These have been discussed 
previously and need no updating here. In re- 
sponse to these concerns, the technique of Ras- 
telli as applied clinically by Wallace [5] has 
gained widespread application. Also, Damus" 
conceived a new approach, and both Kaye [3] 
and Stansel [7] independently developed the 
same idea; recently, Danielson and I each have 
successfully implemented this more corrective 
technique, which uses an extracardiac conduit, 
in 5-month-old and 3-year-old patients, respec- 
tively. Jatene and associates [2] have electrified 
interest in a more direct and hence ideal ap- 
proach. One hopes these techniques may yet be 
modified to provide more dependable results. 

It remains to be seen whether premolding a 
baffle of synthetic material will have a signifi- 
cant impact on the evolving treatment of trans- 


*Damus PS: Personal communication, 1972. 


position of the great arteries, but it is clear that 
the need for continuing evolution in the treat- 
ment of this anomaly is recognized and is being 
addressed. 
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Editor's Note 


Beginning with this issue, editorials in The Annals of 
Thoracic Surgery will appear in the front rather than at 
the end of the journal. The reasons for this change are 
twofold: Editorials frequently relate to the lead article, 
and we believe that the reader will perceive the im- 
portance of the lead article and its related editorial 
more clearly when they are together. Editorials often 
relate to thoracic surgery as a specialty and some of the 
changes and issues currently affecting it, and they 
also deserve emphasis by being placed in the first 
section of The Annals. 
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Prefabricated Dacron 


Baffle for Use in Correction of 
Transposition of the Great Arteries 
David H. Dillard, M.D., Hitoshi Mohri, M.D., and 


K. Alvin Merendino, M.D., Ph.D. 


ABSTRACT Interatrial venous transposition for 
correction of transposition of the great arteries (TGA) 
is facilitated by using a premolded Dacron baffle. 
Fine-mesh knitted Dacron is easily fashioned to the 
desired shape in a metallic brass mold at 200°C. The 
resultant baffle material can be autoclaved without 
losing its shape or altering the fabric characteristics 
of flexibility and porosity. This premolded baffle 
has been used in our last 7 patients with TGA over 
the past two years without complication, and the use 
of Dacron in 13 survivors over the past seven years 
has shown no pulmonary or venous obstructions re- 
lated to the material. 


Hemodynamic correction of transposition of the 
great arteries (TGA) by transposing the pulmo- 
nary and systemic venous channels using the 
atrial septum was proposed by Albert [1] in 
1954. Unfortunately, the atrial septum available 
was usually insufficient to construct adequate 
venous channels, and consequently the pro- 
posed corrective measure remained theoretical. 
In 1957 Merendino and co-workers [4] used a 
compressed Ivalon baffle for interatrial venous 
transposition in 2 children with severe pulmo- 
nary hypertension, proving the hemodynamic 
feasibility of this concept. Unfortunately, long- 
term survival was not achieved despite success- 
ful hemodynamic correction. However, the 
interatrial venous transposition procedure be- 
came popular following a report of long-term 
survival in 1964 by Mustard [7], who used an 
autologous pericardial baffle on the theory that 
the implanted pericardium would grow with the 
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child. A comparative study in dogs in our labo- 
ratory comparing pericardial and Dacron fabric 
atrial septal patches [5] demonstrated contrac- 
tion of the patch to approximately 5096 of the 
original surface area, regardless of which mate- 


rial was used. 
Development in this institution of a surface 


hypothermia technique [6] greatly increased the 
safety of open-heart surgery in infants. Using 
this hypothermic technique, hemodynamic cor- 
rection of TGA in infants began in 1966 in this 
institution [3]. Pericardial baffles were used 
from 1966 to 1968; however, the propensity of 
the pericardium to roll upon itself lengthened 
intracardiac operating time. Limited total cir- 
culatory occlusion time with the hypothermia 
method stimulated further development of a 
molded fabric baffle. Since early 1969, we have 
used Dacron as the baffle material for interatrial 
venous transposition procedures in 13 consecu- 
tive surviving patients without any serious 
problems of late venous channel obstruction or 
thromboembolic episodes. 

There have been 2 instances of superior vena 
caval obstruction, which appeared immediately 
postoperatively. In both instances the obstruc- 
tion was clearly related to the technique of plac- 
ing the baffle. In the remaining patients, who 
had no evidence of systemic venous obstruction 
at the time of discharge from the hospital, there 
has been no late appearance of this complica- 
tion. No pulmonary venous obstruction has oc- 
curred at any time in any patient. The first Da- 
cron baffle was implanted seven years ago and 
the first premolded baffle, two years ago. The 13 
survivors have been followed from four months 
to seven years with a median follow-up period 
of twenty-six months. 

The purpose of this paper is to outline the 
preparation and use of the premolded Dacron 
baffle. 
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Development of the Mold 


A model for shaping the fabric for the interatrial 
baffle was devised by reassembling the remain- 
ing unused portion of the original fabric em- 
ployed for our earlier operations. By combining 
anatomical considerations with the three- 
dimensional aspects that resulted when the baf- 
fle was constructed in vivo, it was possible to 
construct a satisfactory brass die for premolding 
the baffle in a consistent manner. The die con- 
sists of two parts, a body and a depressor (Fig 1). 


Fabrication 


Several fabric materials have been tested for 
thickness, pliability, porosity, ability to stretch, 
and ease of molding. USCI Dacron fabric no. 
001628 or 001627 (previously no. 6103)* was cho- 
sen. This material is finely knitted, possesses 
elasticity in all directions, and can be molded by 
heating. Heating in this fashion does not alter 
the porosity of the fabric, nor does it alter its flex 
and stretch characteristics. 

A piece of Dacron sheet approximately 7.5 


“United States Catheter and Instrument Corp, Billerica, MA. 


Fig 1. Mold for interatrial baffle. The mold is made of 
brass and consists of two portions, a body (right) 
and depressor (left). 
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mm: is placed between the body and depressor 
of the brass die and is stretched in all directions 
to conform to the convoluted configuration of 
the die. The die is placed in a dry oven with 
circulating air (Precision-Tehlco Model 18) and 
is heated to 200°C from room temperature and 
maintained at 200°C for 45 minutes. The die is 
then allowed to cool at room temperature or is 
immersed in cold water. The resulting molded 
baffle can be easily crumpled, flattened, or 
stretched, but it promptly returns to its molded 
shape (Fig 2). The finished baffle may be auto- 
claved without changing its physical character- 
istics. 

The baffle is pliable and resilient, and inser- 
tion is considerably easier technically than in- 
serting pericardium. The baffle can be trimmed 
to smaller sizes without altering the original 
convoluted shape. 


Operative Placement 


An atrial incision is made transversely starting 
at the base of the right atrial appendage and 
extending laterally to the right and posteriorly to 
cross the atrial septum into the posterior left 
atrium between the right upper and lower pul- 
monary veins (Fig 3). This significantly in- 
creases the size of the atrial septal defect beyond 
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Fig 2. Premolded Dacron atrial baffle. Top view (left) 
and lateral view (right). Dacron fabric no. 001628 
(USCI) was heated in an oven to 200°C for 45 
minutes. 


Fig 3. The operative technique, I. (A) A transverse 
incision is extended from the base of the right atrial 
appendage to the left atrium between the right upper 
and lower pulmonary veins. (B) Wide excision of the 
atrial septum is made. (C) Extension of the incision 

into the left atrial wall provides wider and shorter 
venous channels. (RV = right ventricle; SVC = 
superior vena cava; RA = right atrium; IVC = 

inferior vena cava; R. pulm. vv. — right pulmonary 
veins.) 


Foramen ovale 









Patent L.atriol appendage: 
duct. art.a Mitral valve- — 
uU valve 








(VS 


that which can be attained by simple excision of 
the atrial septum alone. 

The septal excision can be extended to the 
superior vena cava-atrial junction. If this results 
in partial excision of the atrial wall in this area, 
the opening is closed horizontally to create a 
wider junction area. Around the coronary sinus 
orifice, however, septal excision is limited, leav- 
ing 3 to 4 mm of septal wall adjacent to the 
coronary sinus orifice and tricuspid annulus to 
avoid possible injury to the atrioventricular 
node. 

The distance between the suture anchoring 
point above the orifices of the left pulmonary 
veins and the margin of the atrial septal remnant 
is estimated. The tongue portion of the baffle is 
then trimmed to adjust its size and shape to the 
size and configuration of the patient's left 
atrium. From the suture anchoring point, con- 
tinuous sutures are extended toward both the 
superior and inferior venae cavae, bisecting the 
enlarged atrial septal opening (Fig 4). The suture 
around the superior vena cava is extended to the 
crista terminalis of the right atrium in order to 
provide a wider inflow orifice before returning 
to the septal rim. The suture around the inferior 
vena cava is directed to the tricuspid valve an- 
nulus laterally to avoid injury to the atrioven- 
tricular node and bundle areas and to divert 


aa 
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Fig 4. The operative technique, II. (A) The distance 
between suture anchoring points in the left atrium 
and atrial septum is measured, and the tongue of the 
baffle is trimmed accordingly. (B-D) Continuous 
over-and-over sutures are extended to both cavae, 
isolating the pulmonary veins in the left atrium. 
(Pulm. vv. = pulmonary veins; IVC — inferior vena 
cava; SVC — superior vena cava.) 


coronary sinus blood to the caval drainage side 
of the baffle (Fig 5A, B). The baffle is then su- 
tured to the posterior tricuspid annulus until the 
area of the atrioventricular node has been safely 
passed before returning to the anterior rim of the 
septal defect. Upon completion of the baffle 
placement, the atrial wall is closed longitudi- 
nally by approximating both ends of the atrial 
wall incision (Fig 5C). This technique allows for 
larger pulmonary and systemic venous chan- 
nels, since the atrial septal defect is larger, and it 
brings the pulmonary veins to the right and 
closer to the tricuspid valve. The premolded 
shape provides wide channels and minimizes 
redundancy, distortion, or wrinkling of the baf- 
fle. No patient in our clinical series required 
atrial wall patching for widening of pulmonary 
venous channels, although one might anticipate 
that a patient with a smaller than usual right 
atrium might need this. 


Comment 


Transposition of the great arteries can be safely 
and totally corrected in infancy with a mortality 
lower than that obtained with palliative proce- 
dures and medical management. Severe pulmo- 
nary or systemic venous channel obstructions 


Fig 5. Theoperative technique, III. (A, B) Suture 
around the superior vena cava is extended over the 
crista terminalis, and suture around the inferior vena 
cava is directed to the tricuspid valve annulus to 
avoid atrioventricular node injury. (C) Following 
baffle placement, the atrial wall is suture-closed by 
approximating both ends of the atrial incision 

(inset). (GVC= superior vena cava; IVC = inferior 
vena cava; RV = right ventricle.) 










Mitral valve . 
Tricuspid valve 
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have been seen in many series, and some have 
attributed this to the use of fabric baffles [2, 8]. 
Castaneda* still uses fabric baffles without sig- 
nificant complications. Superiority of pericar- 
dial versus fabric baffles in this regard has yet to 
be determined. 

In addition to venous channel obstruction, 
severe atrioventricular mixing across the Dacron 
baffle in the early postoperative period has been 
reported when perfusion rewarming was used.t 
We have not experienced this problem, perhaps 
because our surface cooling and rewarming pro- 
cedure is done without heparinization. 

Development of venous channel obstruction 
in our judgment depends more upon the tech- 
nique of repair than upon the material used for 
the baffle. Use of as large a portion of the pa- 
tient’s own remaining atrial tissues as possible 
is probably the most important factor in avoid- 
ing late venous channel obstruction. In our ex- 
perience, neither Dacron nor pericardial baffles 
grow [5]; thus, future enlargement of the venous 
channels depends on the growth of those re- 
maining atrial tissues. In the technique de- 
scribed, the host tissue comprises more than 
half of all channel walls. Further follow-up 
studies are needed. 


*Castaneda A: Personal communication, 1975. 


tStark J: Personal communication, 1975. 
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Tricuspid Atresia: Corrective 
Operation without a Bioprosthetic Valve 


Gordon F. Murray, M.D., Robert T. Herrington, M.D., and David J. Delany, M.D. 


ABSTRACT A case of successful correction of type 
IB tricuspid atresia is described in which the patient's 
own normal pulmonary valve was used in its natural 
location. Morphological features of tricuspid atresia 
suggest that use of the in situ pulmonary valve is 
possible in most patients with normally related great 
arteries. Elimination of the requirement for valved 
conduits and bioprosthetic valves may eventually 
permit corrective operation in the very young child. 


Tricuspid atresia is a rare form of cyanotic con- 
genital heart disease that is severely life limit- 
ing. Early palliation may be achieved by shunt 
procedures to increase the pulmonary blood 
flow [13, 26], but improvement is often only 
temporary [3, 11]. Shunt failure with return of 
hypoxia or overload of the left ventricle are 
common and ominous sequelae [14, 19]. A more 
physiological correction of tricuspid atresia was 
described by Fontan and Baudet in 1971 [5]; itis 
achieved by atrial septal defect closure and con- 
version of the right atrium into a closed uni- 
directional pumping chamber by means of allo- 
graft valves. More recently, variations of this 
operative technique using one or more bio- 
prosthetic valves have been reported from several 
centers [9, 12, 18, 21]. Hemodynamic function 
and durability of the biological valves have been 
a major concern, as has the need to limit these 
procedures to children large enough to accom- 
modate a valved conduit. Thus, avoidance of a 
bioprosthetic valve in the circulation would 
have many immediate and long-range advan- 
tages. 

This report describes successful correction of 
type IB [4] tricuspid atresia using the patient's 
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own normal pulmonary valve in its natural loca- 
tion. Anatomical studies suggest that the proce- 
dure may be suitable for most patients with 
tricuspid atresia and normally related great ar- 
teries [11, 12]. 


Case Report 

A 4-month-old white girl was admitted to North 
Carolina Memorial Hospital for the first time on 
May 21, 1963. Examination showed generalized 
cyanosis, heart enlargement on percussion, and 
an enlarged liver. Angiocardiography showed 
changes characteristic of tricuspid atresia (Fig 
1). One week later a superior vena cava- distal 
right pulmonary artery anastomosis was per- 
formed. The patient did very well after the pro- 
cedure, experiencing minimal cyanosis until 5 
years of age. In 1968 an increase in cyanosis and 
elevation of the hematocrit were noted, and she 
was readmitted for evaluation. 

An angiogram made at this time demon- 
strated patency of the superior vena cava-right 
pulmonary artery anastomosis. A right atrial in- 
jection study showed shunting to the left at- 
rium, left ventricle, and aorta with no pulmo- 
nary opacification. Therefore in February, 1968, 
anastomosis of the left subclavian artery to the 
left pulmonary artery was performed, and clini- 
cal improvement was again noted. 

The patient’s condition remained stable but 
tenuous for approximately five years. On Feb- 
ruary 24, 1976, she was readmitted to North 
Carolina Memorial Hospital because of pro- 
gressive fatigue and shortness of breath and in- 
creasing cyanosis. Physical examination 
showed her to be a small girl with perioral and 
nailbed cyanosis and digital clubbing. The con- 
tinuous murmur of the Blalock-Taussig anas- 
tomosis in the left anterior chest, which had 
been present previously, was noted to be ab- 
sent. The hematocrit was 68%, and a chest 
roentgenogram showed decreased perfusion to 
the left lung. An aortogram revealed acute nar- 
rowing of the left subclavian artery 1 cm distal to 
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Fig 1. Venous angiocardiogram shows the 
radiolucent triangular right ventricular “window” 
(arrow) diagnostic of tricuspid atresia. 


its origin, with most of the left pulmonary artery 
filling through bronchial collateral vessels. The 
aortic oxygen saturation was 8196. Injection of 
the superior vena cava demonstrated a function- 
ing Glenn anastomosis with most of the contrast 
material filling the right middle and lower lobes. 
Operative exploration was undertaken 
through a median sternotomy incision one week 
after admission. The cardiac anatomy was con- 
sistent with type IB tricuspid atresia (Fig 2). A 
superior vena cava-right pulmonary artery 
anastomosis and a narrowed left subclavian 
artery-left pulmonary artery anastomosis were 
also noted. Hemodynamic measurements ob- 
tained shortly after thoracotomy were: main 
pulmonary artery pressure, 13/6 mm Hg; left at- 
rial mean pressure, 6 mm Hg; and left ventricu- 
lar end-diastolic pressure, 3 mm Hg. A 20-mm 
woven Dacron graft was interposed between the 
right atrium and the rudimentary right ventricle 
using the normal in situ pulmonary valve (Fig 3). 
The atrial and ventricular septal defects were 
closed by direct suture. The subclavian- 
pulmonary artery shunt was ligated prior to es- 
tablishing cardiopulmonary bypass. A bio- 
prosthetic valve was not placed in the atrium. 


The patient's immediate postoperative course 
was uncomplicated, with no evidence of pleural 
effusion, ascites, or hepatomegaly. Cardiac 
catheterization two weeks postoperatively with 
the patient supine demonstrated a right atrial 
mean pressure of 18 mm Hg with no gradient 
from the conduit to the left pulmonary artery. 
No obstruction to flow through the Dacron con- 
duit and no intracardiac shunting were seen on 
right atrial injection with contrast material (Fig 
4). Systemic oxygen saturation was essentially 
unchanged from preoperative levels. Seven 
months postoperatively the patient was active at 
home and school with excellent exercise toler- 
ance. She remained slightly cyanotic with activ- 
ity, apparently due to persistent intrapulmonary 
shunting. No hepatomegaly or ascites were evi- 
dent. 


Comment 


Initial operative correction of tricuspid atresia 
was made possible by the development of 
valve-bearing conduits for cardiovascular re- 
construction [2, 15, 17]. Fontan and Baudet [5] 
successfully applied the concept of right ven- 
tricular bypass by inserting an aortic valve allo- 
graft between the right atrial appendage and the 
pulmonary artery. A second pulmonary allograft 
valve was placed in the inferior vena caval 
orifice. Since their report, several authors have 
successfully employed aortic allografts [16, 18, 
21] or Dacron conduits containing xenograft 
valves [11, 19] to construct an atriopulmonary 
shunt. These valved conduits carry the risk of 
late allograft or xenograft valve deterioration 
and increase the resistance to blood flow 
through the right heart [11, 24]. Elimination of 
the valved conduit was achieved by Kreutzer 
and co-workers [12], who successfully detached 
the pulmonary valve annulus from the right ven- 
tricle and anastomosed it directly to the right 
atrium in 2 patients. The dissection must be 
done with great care to avoid injury to the conus 
branch of the right coronary artery; and hemor- 
rhage from the ventricle has been troublesome 
[12]. Nevertheless, the potential for growth of 
the pulmonary valve suggests that this proce- 
dure may have application for younger children. 

To leave the patient's own normal pulmonary 
valve in its natural location would seem an ideal 
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Atrial 


Fig 2. Tricuspid atresia with normally related great 
arteries. The right ventricle is hypoplastic, anda 
small ventricular septal defect obstructs pulmonary 
flow. A previous Glenn procedure and left 
Blalock-Taussig anastomis are also shown. 


alternative. Use of the in situ pulmonary valve 
should be possible in most cases of tricuspid 
atresia without transposition [11, 12]. Normally 
related great vessels (type I) were present in 25 
(56%) of the 45 hearts with tricuspid atresia re- 
cently studied by Tandon and Edwards [22]. 
Type IB described here is the most common type 
of tricuspid atresia [4]. Although the pulmonary 
trunk is somewhat small in this entity, a normal 
pulmonary annulus without valve stenosis is 
usually present [4, 12]. Our patient was thought 
to have infundibular obstruction of the right 
ventricle on the basis of angiographic findings 
[7]. Atoperation, however, the pulmonary valve 


Blalock-Taussig 
Anastomosis 


Ventricular 
Septal Defect 


was of adequate size and the subvalvular 
chamber was large enough to accept the Dacron 
conduit. The only area of obstruction to pulmo- 
nary flow was at the interventricular septal de- 
fect. Angiocardiographic studies of tricuspid at- 
resia by Guller and Associates [8] indicate that 
the size of the septal defect usually determines 
the amount of pulmonary flow. Henry [10], in a 
postmortem study of 68 cases of Type IB tricuspid 
atresia, found only 4 specimens to have infun- 
dibular narrowing in addition to the restrictive 
ventricular septal defect. Thus it appears that the 
morphological features of tricuspid atresia with 
normally related vessels usually permit use of 
the in situ pulmonary valve in the right-sided 
circulation. 

Henry and co-workers [11] in 1974 success- 
fully interposed a 27-mm woven Dacron graft 
between the right atrium and the rudimentary 
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Atrial Septal 
Defect Closed 


Fig 3. The Dacron conduit is interposed between the 
right atrium and the rudimentary right ventricle 
using the normal in situ pulmonary valve. A 
bioprosthetic valve is not placed in the atrium. 


right ventricle in 1 patient with type IB tricuspid 
atresia. In addition, a large stented porcine valve 
was inserted into the right atrium over the 
orifice of the inferior vena cava. Fontan and 
Baudet [5] thought that an atriocaval valve was 
indispensable to prevent stasis and inadequate 
cardiac filling. Although reflux into the inferior 
vena cava is prevented by this second valve [11], 
postoperative hepatomegaly and ascites are 
often noted in such patients [16, 23]. In contrast, 
very satisfactory results were obtained in our 
patient without a prosthetic valve in the inferior 
vena cava. Omission of an atriocaval prosthetic 
valve simplifies the operation considerably, di- 
minishes resistance to blood flow, and elimi- 
nates the risk of late xenograft failure. 
Avoidance of the extended atriotomy necessary 


Blalock-Taussig 
Anastomosis Ligated 


Pulmonary Valve in 
Natural Position 


Ventricular Septal 
Defect Closed 


to insert the valve preserves the integrity of the 
hypertrophied atrium. This feature must be re- 
garded favorably if normal sinus rhythm and 
effective atrial contraction are important to the 
hemodynamic success of the operation [18, 21]. 
The possibility that no atriocaval valve may be 
required is supported by the clinical experience 
of others [12, 20, 23] and by experimental obser- 
vations [9, 25]. Notably, Haller and colleagues 
[9] achieved long-term survival in animals with 
ligated tricuspid valves and side-to-side 
superior vena cava anastomosis to the right 
pulmonary artery. 

Similarly, placement of a valve within the 
conduit to prevent regurgitant flow initiated by 
contraction of the small right ventricle does not 
seem warranted. This conclusion is supported 
by the current report and by the recent recogni- 
tion that excision of an infected tricuspid valve 
without prosthetic valve replacement is well tol- 
erated by patients in the absence of associated 
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Fig 4. (A) Frontal projection and (B) lateral 
projection of the right atriogram demonstrate no 
obstruction to flow through the Dacron conduit and 
excellent filling of the left pulmonary artery. 


myocardial or pulmonary vascular disease [1]. 
Although clinical experience with these patients 
is limited, Arbulu* has observed continued 
satisfactory cardiac function for nearly six years 
after tricuspid valve excision. 

The Fontan operation has been restricted to 
children large enough to accommodate a valved 
conduit or a bioprosthetic valve or both. It is 
often employed in desperately ill patients who 
may be extremely disabled by multiple pallia- 
tive procedures. Corrective operation is neces- 
sarily complicated by these previous operations 
[24]. Systemic- pulmonary shunts unfortunately 
may contribute to the development of increased 
pulmonary vascular resistance, extensive collat- 
eral circulation, severe left ventricular dysfunc- 
tion, and underdevelopment of the pulmonary 
valve or artery [3, 7, 14, 20]. Construction of a 
palliative cavopulmonary anastomosis should 
be avoided to prevent development of severe 
ventilation/perfusion ratio disturbances. Persis- 
tent arterial desaturation in our patient with no 
evidence of a residual atrial septal defect may be 


*Arbulu A: Personal communication, 1976. 


due to intrapulmonary shunting associated with 
the superior vena cava-right pulmonary artery 
anastomosis [16, 18]. Itis significant that Furuse 
and associates [6] have demonstrated that pul- 
satile flow in a cavopulmonary shunt decreases 
pulmonary vascular resistance and improves 
lung perfusion. Early corrective operation 
would not deprive the right lung of pulsatile 
blood flow. 

It is apparent, therefore, that early definitive 
operative correction of tricuspid atresia is desir- 
able and would have immediate and long-term 
advantages. Survival in infancy is unquestion- 
ably related to operative palliation and the 
adequacy of pulmonary blood flow [3]. A 
systemic- pulmonary artery anastomosis is the 
procedure of choice in a symptomatic infant 
with diminished pulmonary flow. However, the 
benefits of operation may be short-lived. The 
average duration of successful palliation with 
the use of various shunt procedures at the Mayo 
Clinic is only 4.6 years [11]. When increasing 
cyanosis with rising hematocrit reappears, a 
second palliative shunt has been advocated for 
patients in the first decade of life[14, 18]. Use of 
the patient's own pulmonary valve in its natural 
location, as described here, eliminates the re- 
quirement for bioprosthetic valves and permits 
corrective operation in the 4- to 6- year-old child. 
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Automated Identification of Cardiac Conduction 
Tissue in L-TGV and Ebstein’s Anomaly 


Scott Stewart, M.D., James Manning, M.D., 


and Louis Siegel, M.D. 


ABSTRACT The specialized cardiac conduction tis- 
sue was identified quickly and easily at operation in 2 
patients with corrected transposition (L- TGV) and 1 
with Ebstein's anomaly. In each of the former cases 
the tissue was located along the upper rim of the 
VSD, beneath the pulmonary outflow tract; in 
neither patient was there a disturbance in cardiac 
rhythm as a result of operation. In the patient with 
Ebstein's anomaly the bundle of His descended onto 
the ventricular septum more directly than was antici- 
pated. There was only a transitory disturbance in 
atrioventricular conduction following tricuspid valve 
replacement. Accurate identification of the cardiac 
conduction tissue is a prerequisite to the safe repair of 
certain forms of complex congenital heart disease. 


The location of the specialized cardiac conduc- 
tion tissue has not always been predictable in 
certain types of complex congenital heart 
anomalies. "Corrected" transposition (L-TGV) 
of the great vessels and Ebstein's anomaly are 
both in this category. Recent advances in elec- 
trophysiological techniques now permit accu- 
rate identification of this specialized conduction 
tissue [17-19]. Unfortunately, most methods 
remain complex and have not been easily 
adapted to many cardiac surgical units. Recently 
the instrumentation has been automated, and 
the resulting simplified technique has been 
utilized in 2 patients with L-TGV and 1 with 
Ebstein's anomaly. 


Methods and Material 


The automated instrumentation has been de- 
scribed in detail elsewhere [17-19]. It has 3 sec- 
tions (Fig 1). The pacemaker portion is con- 
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nected to the right atrium to maintain a constant 
heart rate. The conduction cardiograph section 
filters, rectifies, and summates the signal from 
the exploring endocardial surface probe. The 
bundle detector section emits an audible alarm 
each time the surface probe transmits a signal 
from the specialized conduction tissue. 

Figure 2 illustrates the interrelationship of 
these three sections. The pacemaker is con- 
nected to the patient's right atrium, and a con- 
stant paced heart rhythm is established. Lead Il 
of the patient's surface electrocardiogram with 
its pacing artifact is displayed on the oscillo- 
scope. The pacemaker signal initiates each oscil- 
loscopic sweep, ensuring a constant position of 
the QRS complex and the P-R segment on the 
oscilloscope. The pacemaker signal also initiates 
the time-window gate (displayed on the oscil- 
loscope), a component of the bundle detector 
section. Its width and position are adjusted 
along the linear time axis so that it encompasses 
the P-R segment of the surface electrocardio- 
gram. The time-window gate signal is also fed 
into the signal output analyzer, a second com- 
ponent of the bundle detector section. The three 
signals from the three electrode pairs of the 
exploring surface probe are filtered, summated, 
and rectified in the conduction cardiograph sec- 
tion. This signal is then displayed on the oscil- 
loscope. When the probe overlies the atrium, 
there is an “a” wave coincident with the P wave 
of the surface electrocardiogram. When the 
probe overlies the ventricle there is a later “v” 
wave coincident with the ORS complex. When 
the probe overlies the specialized conduction 
tissue there is an “h” wave coincident with the 
P-R segment. The “h” wave is identified as 
coming from the specialized conduction tissue 
by this time relationship to the surface elec- 
trocardiogram. The probe signal is fed into the 
signal output analyzer along with the preset 
time-window gate. The signal output analyzer 
recognizes any signal within the time-window 


sid 
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Fig 1. The automated instrument to identify the 
specialized cardiac conduction tissue. The three 
sections are seen. Shown are two types of 

endocardial surface probes with their cables for 
attachment to the instrument. The smaller probe has 

a reduced surface area for small hearts. (From 
Siegel L, Mahoney EB, Manning JA, Stewart S: An 
audible alarm system to facilitate the intraoperative 
identification of cardiac conduction tissue. ] Thorac 
Cardiovasc Surg 68:241, 1974.) 


Fig 2. The interrelationship of the three major 
components of the instrument. (From Siegel L, 
Mahoney EB, Manning JA, Stewart S: An audible 
alarm system to facilitate the intraoperative 
identification of cardiac conduction tissue. ] Thorac 
Cardiovasc Surg 68:241, 1974.) 









gate as occurring during the P-R segment of the 
electrocardiogram and initiates the audible 
bundle alarm. The mapping procedure is done 
under conditions of mild hypothermia, a paced 
conducted rhythm, and intermittent aortic 
cross-clamping to achieve a dry visual field. 


Patient 1 

A 14-year-old girl had transposition of the great 
vessels, situs solitus, L-loop, L-malposition 
(S,L,L), a ventricular septal defect (VSD), and 
pulmonic stenosis. At operation (Fig 3) the aorta 
was found to be slightly anterior and to the left of 
the pulmonary artery. The pulmonary valve and 
mitral valve were contiguous. There was severe 
obstruction to the pulmonary orifice by mem- 
branous tissue extending from the pulmonary 
valve annulus to the anterior leaflet of the mitral 
valve. The bundle of His was identified along 
the superior margin of the VSD directly beneath 
the pulmonary valve annulus. Precise localiza- 
tion of the bundle of His permitted safe closure 
of the VSD and accurate excision of the obstruct- 
ing subpulmonic membrane. At the conclusion 
of the operation the heart was in normal sinus 
rhythm. 


Patient 2 

A 6-year-old boy had transposition of the great 
vessels (S,L,L), a VSD, pulmonary atresia, and 
dextroversion. A right Blalock-Taussig anas- 
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tomosis had been constructed at 19 months of 
age because of increasing cyanosis. At operation 
the aorta was found to lie slightly anterior and to 
the left of the pulmonary artery. The heart was in 
dextroversion. The pulmonary valve annulus 
was severely hypoplastic. The mitral valve and 
pulmonary valve were contiguous. There was a 
large VSD located in the cephalad and anterior 
portion of the septum. The bundle of His was 
identified caudal to the pulmonary valve an- 
nulus and took a superior course over the 
cephalad aspect of the VSD. 

The suture line for VSD closure was similar to 
that used in the first patient except that it ex- 
tended to the right and superiorly around the 
pulmonary valve annulus, placing it behind the 





Fig 3. (Patient 1). (A) At operation the aorta 
was found to lie anterior and to the left of the 
pulmonary artery. The left circumflex 
coronary artery crossed the left ventricular 
outflow tract. (B) There was membranous 
subvalvular pulmonic obstruction. (C) The 
bundle of His (dashed line) was identified 
inferior to the pulmonary valve annulus, 
along the superior edge of the VSD. (D) The 
VSD was closed with a patch, avoiding 

the conduction tissue. (From Siegel L, 
Mahoney EB, Manning JA, Stewart S: An 
audible alarm system to facilitate the 
intraoperative identification of cardiac 
conduction tissue. ] Thorac Cardiovasc 
Surg 68:241, 1974.) 


patch. Continuity between the pulmonary ar- 
tery and left ventricle was reestablished with a 
Hancock valved conduit after the proximal pul- 
monary artery had been oversewn. The 
Blalock-Taussig anastomosis was ligated. The 
heart remained in normal sinus rhythm follow- 
ing operation. 


Patient 3 


A 16-year-old girl with Ebstein’s anomaly had 
increasing tricuspid incompetence and an en- 
larging cardiac silhouette on roentgenogram. At 
operation the right atrium was found to be en- 
larged, and the tricuspid valve was displaced 
downward into the right ventricle (Fig 4). There 
was a patent foramen ovale. The bundle of His 
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Fig 4. (Patient 3). (A) At operation the right atrium 
was found to be enlarged, and the proximal portion of 
the right ventricle was thin and bulged anteriorly. (B) 
There was a patent foramen. The septal and posterior 
leaflets were fused to the underlying endocardium. 
The bundle of His (dashed line) ran from the A-V 
node in a direct caudal pathway onto the ventricular 
septum. (C) The suture line for the prosthetic valve 
crossed the distal extent of the bundle of His. 


was identified running from the atrioventricular 
(A-V) node in a direct caudal pathway im- 
mediately down onto the ventricular septum. 

The valve sutures were placed in the proximal 
portion of the right ventricle along a line that 
crossed the distal extent of the bundle of His. 
The heart remained in conducted rhythm as the 
sutures were placed, but complete heart block 
ensued as they were tied. A conducted rhythm 
returned 18 hours later. Temporary ventricular 
pacing wires connected to a demand external 
unit were left as a precaution. 

Her initial postoperative course was satisfac- 
tory, but she was found dead on the sixth post- 
operative evening. The temporary pacing unit 
had been sensing her R-wave appropriately, 
and postmortem testing indicated that it was 
functioning satisfactorily. She had not required 
external pacing after the first 24 hours post- 
operatively. Her death was attributed to spon- 
taneous ventricular irritability and fibrillation, a 
well-recognized phenomenon in patients with 
Ebstein's anomaly. 


Comment 


The anomaly most commonly associated with an 
unacceptable incidence of heart block at opera- 
tion has been rL-TGV. This complication has 
been a major cause of surgical mortality [4]. The 
unusual pathway of the bundle of His, coursing 
superior to the VSD in L-TGV, was described as 
early as 1963 by Lev and co-workers [11]. His- 
tological studies by Anderson and colleagues [1] 
have extended this work. They identified two 
A-V nodes. One was located in the normal posi- 
tion and was hypoplastic. It generally did not 
make contact with the conduction system. A 
second node was located anteriorly at the junc- 
_ tion of the mitral valve orifice and left border of 
uw the right atrial appendage to the right of the base 
of the pulmonary artery. The bundle of His 
originated at this node, penetrating the floor of 
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the atrium and exiting at the right lateral conflu- 
ence of the pulmonary and mitral valve annuli. It 
coursed laterally and anteriorly around the pul- 
monary valve annulus and roof of the pulmo- 
nary outflow tract to reach the ventricular sep- 
tum. The bundle then transversed the anterior 
rim of the VSD. 

Endocardial surface mapping of the spe- 
cialized cardiac conduction tissue has been 
described from only three cardiac surgical units 
in a total of 6 patients with L-TGV [10, 14, 21]. In 
each patient the bundle of His was identified 
along the superior edge of the VSD. In contrast 
to the histological analysis of Anderson and 
co-workers, however, only 2 of these patients 
had the tissue located over the right lateral and 
superior aspect of the pulmonary outflow tract 
[14, 21]. Inthe remaining patients it was situated 
inferior to the pulmonary outflow tract between 
the pulmonary valve and the VSD, which was 
also its location in the 2 patients reported here. 

The critical portion of the suture line in 
VSD closure is from the base of the posterior leaf- 
let of the mitral valve directly to the pulmonary 
valve annulus, since it is here that the bundle 
penetrates the floor of the atrium onto the ven- 
tricular septum. Pulmonary valve annulus tissue 
should be used to anchor the sutures until the 
suture line is well distal to the bundle of His. The 
suture line may then safely pass onto the sep- 
tum but must remain a good distance above the 
superior rim of the VSD. 

The repair of Ebstein’s anomaly by either 
tricuspid valve replacement or annuloplasty has 
resulted in a 30% incidence of atrioventricular 
conduction disturbance [2, 3, 5-7, 9, 12, 13, 15, 
16, 20]. Hunter and Lillehei [8] suggested a tech- 
nique of annuloplasty in 1958 which was suc- 
cessfully used by Hardy and colleagues [6] in 
1963. This provides a satisfactory result in those 
patients for whom the technique is applicable. 
Tricuspid valve replacement is necessary for pa- 
tients with more severe abnormalities of the 
valve and with inadequate anterior leaflet tis- 
sue. Both procedures have been associated with 
a high incidence of complete heart block, but 
this has been less common when the suture line 
is placed proximal to the coronary sinus. 

Identification of the specialized con 
tissue at operation for Ebstein's anomal 







previously been described and was helpful in 
the management of our patient. The direction of 
the bundle of His was abnormal: it passed from 
the A-V node down onto the right ventricular 
septum in an unusually direct caudal route. 
Consideration was given to placing the tricus- 
pid valve prosthesis proximal to the coronary 
sinus, but the circumference of the proposed 
suture line would have been so great that exces- 
sive plication of the atrial wall would have been 
necessary. Therefore the prosthesis was posi- 
tioned some distance caudal to the coronary 
sinus, crossing the bundle of His at its distal 
extreme. The initial temporary complete heart 
block quickly resolved. The patient's sudden, 
unexpected death appeared to be related to 
spontaneous ventricular fibrillation. 
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Notice from The Society of Thoracic Surgeons 
The Thirteenth Annual Meeting of The Society 
of Thoracic Surgeons was held at the San Fran- 
cisco Hilton Hotel, San Francisco, CA, January 
24—26, 1977, with a total of 2,401 registrants in- 
cluding spouses and exhibitors. The Scientific 
Sessions were attended by 660 members and 558 
guests, including 156 residents. The Eleventh 
Annual Postgraduate Course, held on January 
23, was attended by 770 people. 

From the point of view of attendance and the 
audiovisual support provided, this was cer- 
tainly the most successful meeting of The Soci- 
ety of Thoracic Surgeons. The San Francisco set- 
ting, the warm weather, and the work by the Bay 
Area surgeons who served as our hosts under 
the chairmanship of Dr. Ben Roe also contrib- 
uted to the great overall success of the meeting. 
Dr. Tom Ferguson's Presidential Address on the 
evolution of the certifying boards was thought- 
fully researched and well delivered. Jane Roe 
led in the organization of activities for the ladies. 

As mentioned before, the San Francisco area 
thoracic surgeons and their wives, because of 
the many meetings held in San Francisco that 
require their time and effort as hosts and pro- 
viders for local arrangements, deserve more 
than the usual thanks from The Society. Walter 
Purcell and his staff from Smith, Bucklin and 
Associates proved their worth to The Society 
once more through their organizational efforts 
in taking care of the necessary details required 
for a successful meeting. 

Dr. Ralph Alley received the Distinguished 


Service Award for his long and meritorious ser- 
vice to the Society from its gestation until the 
present. Dr. Alley was on the first Council and 
Program Committee and served as Chairman of 
the Program Committee in 1968. He became Sec- 
retary in 1970 and served in that role until being 
elected Vice-President in 1974. He was Presi- 
dent of The Society in 1975-1976 and has served 
on the Council since. The character, vigor, and 
success of The Society of Thoracic Surgeons are 
due in large measure to the dedicated efforts 
over the years of Ralph Alley. 

At the annual business session the following 
officers were elected: F. Henry Ellis, Jr., Presi- 
dent: Harold V. Liddle, Vice-President; Thomas 
D. Bartley, Secretary; Harold C. Urschel, Jr., 
Treasurer; Robert G. Ellison, Historian; and Her- 
bert Sloan, Editor, The Annals of Thoracic 
Surgery. Hassan Najafi was elected to the Coun- 
cil as Councillor at Large. 

One hundred twenty-three new members 
were elected, increasing the total membership to 
1,591. A new membership roster, headed by a 
listing of officers, committees, and Society rep- 
resentatives for 1977-1978, appears on pages 
279—300 of this issue. 

The Fourteenth Annual Meeting will be held 
January 23-25, 1978, at the Sheraton Twin Tow- 
ers Hotel, Orlando, FL. Robert B. Trumbo will 
serve as Chairman of the Committee on Local 
Arrangements. 

Thomas D. Bartley, M.D. 
Secretary 


Surgical Treatment of Right Ventricular 
Aneurysm: An Uncommon Procedure 


Chalmers J. Lyons, M.D., William A. Scheiss, M.D., 
Lewis W. Johnson, M.D., and Frederick B. Parker, Jr., M.D. 


ABSTRACT Most ventricular aneurysms result 
from transmural myocardial infarction and are lo- 
cated in the left ventricle. 
aneurysms are unusual, and their origin at times is 


Right ventricular 


obscure. A patient with two discrete right ventricular 
aneurysms is reported. The literature on operative 
excision of right ventricular aneurysms is reviewed, 
and the various etiological factors are discussed. 


Most ventricular aneurysms result from trans- 
mural myocardial infarction and are located in 
the left ventricle [1, 3, 10]. Right ventricular 
aneurysms are uncommon; they are reported to 
comprise 1 to 2% of all cardiac aneurysms [4, 10]. 
Aneurysms of the right ventricle are difficult to 
detect, and in most cases angiography has been 
necessary to prove the presence of such an 
aneurysm. Coronary artery disease is implicated 
in most left ventricular aneurysms, but this has 
not been the case in the right ventricle, where 
trauma, inflammation, and a congenital origin 
are the most common etiologies. Operative in- 
tervention is even more unusual and is generally 
limited to patients with debilitating symptoms. 
We have recently operated upon a patient 
with refractory ventricular tachycardia secon- 
dary to two right ventricular aneurysms. In this 
paper our patient is presented and the literature 
on right ventricular aneurysms which have re- 
quired operative intervention is reviewed. 


Case History 


A 56-year-old man entered the hospital as an 
asymptomatic visitor to see his wife in the 
Coronary Care Unit. He came to medical atten- 
tion because of an acute onset of dyspnea, 
diaphoresis, and light-headedness that were 
found to be secondary to an accelerated ventricu- 
lar tachycardia. Electrical cardioversion was 
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necessary and resulted in sinus rhythm with 
right bundle-branch block that persisted 
throughout the hospital course. Serial elec- 
trocardiograms and cardiac enzyme determina- 
tions were not diagnostic of myocardial infarc- 
tion. His past history revealed extensive alcohol 
use. He had suffered mild chest wall trauma 
from an automobile accident 17 years previously 
but had not required hospitalization. He had 
been hospitalized 14 years before the present 
admission with chest pain and tachyar- 
rhythmias, but a diagnosis of myocardial infarc- 
tion was not established. Chest roentgenograms 
at that time did not reveal an abnormal cardiac 
silhouette, and electrocardiograms showed 
sinus rhythm with normal interventricular con- 
duction times. Since that hospitalization he had 
been asymptomatic and working full time. 

Pertinent physical findings were limited to 
the heart. The apical impulse was inside the 
midclavicular line in the left fifth intercostal 
space. There were no heaves or systolic bulges. 
A third heart sound was present, and there were 
no murmurs. A chest roentgenogram (Fig 1) 
showed an abnormal left heart border which 
was demonstrated to move paradoxically on 
fluoroscopy. 

His hospital course was complicated by salvos 
of ventricular tachycardia necessitating numer- 
ous cardioversions. These arrhythmias were re- 
fractory to therapy with lidocaine, pro- 
cainamide, quinidine, diphenylhydantoin, and 
propranolol. Pacemaker overdrive was not used 
because of the patient’s own rapid sinus rate. 
Right and left heart catheterization studies 
yielded these pressures, in mm Hg: right at- 
rium, 4; right ventricle, 24/4; left ventricle, 120/7; 
and aorta, 120/60. Selective coronary cinear- 
teriography with multiple projections showed 
completely normal coronary arteries. The left 
ventricular ejection fraction was 0.59, and there 
was no evidence of left ventricular asynergy. A 
right ventriculogram (Fig 2) showed two areas of 
dyskinesia. Because of the persistence of life- 
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Fig 1. Initial chest roentgenogram reveals abnormal 
bulge in the left heart border. 


threatening arrhythmias, operative aneurys- 
mectomy was performed. 


Operation 

There were two discrete right ventricular 
aneurysms. One was located in the area of the 
right ventricular outflow tract just proximal to 
the pulmonic valve and measured 4 X 5 cm. The 
other was on the diaphragmatic surface of the 
right ventricle and measured 4 X 4 cm. The in- 
ferior aneurysm was filled with extensive 
thrombus. Both areas were completely excised, 
and the clot was removed. Histological samples 
of the wall of the aneurysm showed fiber swell- 
ing negative to Sudan and periodic acid—Schiff 
stains and suggestive of hydropic degeneration 
compatible with a cardiomyopathy. Im- 
mediately postoperatively he had numerous 
bouts of supraventricular tachyarrhythmias. 
Following suppression therapy these ar- 
rhythmias abated, and the patient was dis- 
charged on a regimen of procainamide. 

He continues to have occasional premature 
ventricular contractions, but he has remained 
essentially asymptomatic without ventricular 
tachycardia and has returned to work. 


Fig 2. Right ventriculogram, right anterior oblique 
projection, in systole. Note filling defects 

(arrow) in right ventricle (RV). Paroxysmal 

motion of the right ventricular outflow tract (broken 
arrow) is evident. Another aneurysm of the inferior 
wall is not well seen. (RA = right atrium.) 


Literature Review 


Only 8 patients with primary right ventricular 
aneurysm have undergone operative repair (Ta- 
ble). Other cases have been reported, but opera- 
tion was not indicated [8, 14, 15]. A number of 
patients have developed aneurysms of the right 
ventricular outflow tract secondary to operative 
cardiotomy for congenital heart disease. These 
have occurred at the incisional site for closed 
pulmonary valvotomy (Brock procedure), fol- 
lowing resection of the infundibular chamber in 
repair of tetralogy of Fallot, and in the area of an 
outflow patch in patients with tetralogy of Fallot 
requiring enlargement of the right ventricular 
outflow tract [2, 7]. Many of these have under- 
gone secondary operative correction but will not 
be considered here; this review includes only 
primary right ventricular aneurysms. 

The previous case reports are listed in the 
Table in chronological order. In 1931 Sauerbruch 
[9], excising what was presumed to be a medias- 
tinal tumor, inadvertently entered the sac of a 
right ventricular aneurysm. The excision and 
repair were apparently completed in a satisfac- 
tory manner. Stansel and associates [11] in 1963 
used cardiopulmonary bypass in excising a right 
ventricular aneurysm of the outflow tract secon- 
dary to a previous missile injury. Repair of a 
right ventricular aneurysm with an accompany- 
ing ventricular septal defect secondary to a 
shrapnel injury with symptoms of mild conges- 
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Survey of Right Ventricular Aneuryms Reported in the Literature and Treated Operatively 





Pa- 
tients’ Indications Method Treatment 
Age & for of and 
Author Sex Etiology Operation Diagnosis Location Histology Thrombi Result 
Sauerbruch, 29,M Unknown Mistaken for medias- Chest roentgeno- Outflow tract Unknown No Excised; 
1931 [9] tinal tumor gram did well 
Stansel etal, 54, M  Traumatic— Enlarging size Chest roentgeno- Outflow tract Acellular scar tissue No Excised; 
1963 [11] previous bullet gram, angiocar- did well 
wound diography 
Weglicki et 44,M  Localized in- Recurrent paroxysmal Chest roentgeno- Outflow tract Thinned-out No Excised; 
al, 1966 flammatory atrial tachycardia, gram, angiocar- myocardium, no did well 
[17] disease mild failure diography abnormal tissue 
Stinson etal, 19, F Trauma— Congestive failure Chest roentgeno- Apex Acellular scar tissue No Excised, 
1968 [12] shrapnel injury and ventricular gram, angiocar- VSD re- 
septal defect diography paired; 
did well 
Symbasetal, 29,F  Trauma— Ventricular septal de- ^ Cardiac catheteriza- Outflow tract Diffuse fibrosis Yes Excised, 
1972 [13] bullet wound fect tion VSD re- 
paired; 
did well 
Vincenzi et 15, F Unknown Presence; ?enlarging Chest roentgeno- Apex Diffuse fibrosis in No Excised; 
al, 1973 size gram, angiocar- myocardium, did well 
[16] diography ?myocardial 
hypoplasia 
Tomisawaet 5, F ?Congenital Mild premature ven- Cardiac catheteriza- Outflow tract Thinned ventricular No Excised; 
al, 1974 tricular contrac- tion wall, no abnormal did well 
[14] tions tissue 
Lyons et al, 56,M  ?Localized Recurrent ventricular Chest roentgeno- 2aneurysms:out- Fiber swelling sec- Yes Excised; 
1977 [pre- myocardiopathy tachycardia gram, angiocar- flow tract, ondary to hydropic did well 
sent re- diography diaphragmatic degeneration 
port] surface 





VSD - ventricular septal defect. 


tive heart failure and moderate pulmonary 
hypertension was accomplished by Stinson and 
co-workers [12]. Symbas and others [13] re- 
ported repair of an aneurysm of the outflow tract 
of theright ventricle and of the left ventricle with 
an interconnecting ventricular septal defect sec- 
ondary to a gunshot wound. Weglicki and as- 
sociates [17] excised an aneurysm of the right 
ventricular outflow tract that was the apparent 
cause of recurrent supraventricular tachycardia. 
The etiology was presumed secondary to a pre- 
vious pericardial infection with localized myo- 
cardial involvement. Tomisawa and co-workers 
[14] reported a patient in whom a small 
aneurysm of the right ventricular outflow tract 
apparently caused multiple ventricular ar- 
rhythmias. The aneurysm appeared to have a 
congenital origin. Vincenzi and colleagues 
[16] excised a small right ventricular aneurysm 
located at the apex of the right ventricle that 
revealed diffuse fibrosis when examined patho- 
logically. All of these patients survived opera- 
tion and did well. 


Comment 


Right ventricular aneurysms continue to be an 
unusual finding. We have found only 11 pa- 
tients in the literature diagnosed during life, 8 of 


whom were operated upon (see the Table). 
Aneurysms secondary to penetrating injuries 
obviously have a definitive etiology, but the 
cause remains obscure in the remainder of 
cases. Miller and associates [8] have described a 
small, asymptomatic, presumably congenital 
aneurysm found at angiocardiography in a 
child. In the case reported by Tomisawa and 
co-workers [14], the excised aneurysm showed 
no evidence of inflammation or fibrosis, and the 
sac appeared to be extremely thinned-out heart 
muscle with well-defined layers. The correct 
diagnosis of congenital aneurysm probably can 
be made by the finding of an aneurysmal sac 
containing recognizable layers of right ventricu- 
lar wall without evidence of fibrosis or inflam- 
mation. Coronary disease appears to be rarely, if 
ever, implicated and was not found as cause in 
this review. It should be stressed, however, that 
complete coronary arteriography has been per- 
formed in only a few of the patients. Isolated 
infarction of the right ventricle is seen in less 
than 396 of postmortem examinations, and it is 
certainly possible that a localized infarction 
could result in a small area of dyskinesia or 
aneurysm. Sarcoid has been reported as the 
cause of alocalized left ventricular aneurysm [6], 
and it is conceivable that this could occur in the 
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right ventricle. Weglicki and colleagues [17] 
suggest localized pericarditis as the most likely 
factor in their reported case. In the absence of 
coronary disease, our patient may have had two 
localized areas of myocarditis, though admit- 
tedly localized aneurysm formations have not 
been described in this entity. A diffuse myocar- 
diopathy appears unlikely due to the normal left 
ventricular hemodynamics [5]. Swelling of the 
myocardial fibers suggests hydropic degenera- 
tion, which is consistent with a cardiomyopathy 
or other unusual type of localized inflammatory 
response. 

In the majority of patients diagnosis of these 
entities has been made by a combination of 
chest roentgenogram and right ventriculog- 
raphy. Ventricular arrhythmias were the first 
symptoms in 2 patients and supraventricu- 
lar tachycardia in 1 patient. Two patients had 
congestive heart failure, in 1 secondary to ar- 
rhythmias and in the other presumably due to 
an accompanying ventricular septal defect. 
Pulmonary emboli have been reported and are a 
definite possibility because of the thrombus 
present in some of the aneurysms [17]. When the 
aneurysm is located in the right ventricular out- 
flow tract, the diagnosis can be suspected from 
the chest roentgenogram and can be confirmed 
easily by right heart catheterization; however, 
when the aneurysm is located in the apex or 
body of the right ventricle, the correct diagnosis 
may be difficult. Given a patient with unex- 
plained arrhythmias, complete heart catheteri- 
zation studies including a right ventricular an- 
giogram should be seriously considered. 

Operative indications are rather straightfor- 
ward. If arrhythmias cannot be adequately con- 
trolled by suppressive therapy, excision should 
be performed. Corrective operation has an ex- 
ceedingly low mortality. Obviously, if there is 
any accompanying ventricular septal defect with 
congestive heart failure, operation should be 
promptly undertaken. The presence of a right 
ventricular aneurysm without symptoms does 
not appear to be an adequate indication for 
operative intervention. 
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vELLULAR BRONCHIAL or 
ESOPHAGEAL SAMPLES 
WITHOUT SURGERY 














Cellular samples from either the bronchus, lungs or esophagus, can 
readily be obtained without surgery by using Mill-Rose brushing units. There 
are two models: one of a flexible nature and one more rigid. 

Mill-Rose units can be used with. rigid scopes, catheters, or flexible 
Bronchofiberscopes. The disposable brushes are maintained at the distal tip 
of the instrument where they can be easily removed. A convenient handle 
permits the bending of the distal tip for precise brushing. 

With the Mill-Rose brushing units, samples can be obtained from areas 
previously not reachable with conventional instruments and at a minimum of 
trauma to the patient. 
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| BRONCHOFIBERSCOPE CLEANING KIT 


The Mill-Rose Bronchofiberscope Cleaning Kit includes 
two nylon brushes to fit all Bronchofiberscope tubes 
snugly and assure maximum scrubbing action on both 
insertion and withdrawal. Brushes can be sterilized 








uL and re-used. Brushes are 2.3 and 3.2 mm. 
AN — Entire kit is packed in sturdy case for only $10.00. 

sali Refills of "Milladine"& are available immediately 
from Mill-Rose in 4 oz., 16 oz. and 32 oz. bottles. 
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[ ] Send me additional information on Bronchial and 
Esophageal unit. 


| ] Send me literature on Mill-Rose Bronchofiberscope 
Cleaning Kits. 





For information, literature 
and prices, write to: 


the 


MILL-ROSE 
company 


7995 Tyler Blvd. 
Mentor, Ohio 44060 
Phone: 216-255-9171 
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Announcing the Datascope Pulsatile 
Assist Device. (RA.D,) 
The first device that produces pulsation 
and counterpulsation from 
your heart- machine without 
additional surgery. 












It has long been recog- 
nized that pulsatile perfusion 
is better physiologically for | Qu c c oq E 
the organs and forthe microcir- PE P E je tee ror MEN 
culation than the steady flow =~ Piette Assitttevcs ||  PumpConsoe 
delivered by the arterial pumps TFP R E i 
of existing heart-lung a 
machines. ? Ec 

We are proud to announce. 5 
the first clinical device to suc- | 
cessfully produce atraumatic, 
pulsatile flow: The Datascope 
Pulsatile Assist Device (P. A.D.). 

The Datascope P. A.D. 
does this by converting the con- : 
tinuous flow of the roller pump y A H | 
to pulsatile flow. This pulsatile AC | Heart-Lung Machine 
flow can also be synchronized BA We 
with the heartbeat. If the heart 
is fibrillating, the P. A.D. can 
produce a pulsatile flow at 





selected physiologic rates. 

The P.A.D. can also pro- 
vide counterpulsation both be- 
fore and after cardiopulmonary 
bypass. Which means you can 
now perform counterpulsation 
without the need for an intra- 
aortic balloon and additional 
surgery. 

The P A.D. consists of a 
disposable avalvular balloon 
housed in a rigid plastic cylin- 
der which is inserted into the 
arterial line of the heart-lung 
machine. Blood flows from the roller 
pump through the balloon into the aorta. 
Synchronized pulsation of the balloon is 
produced by the pneumatic action of the 
Datascope System 80 Balloon Pump. 

Clinical use of the P. A.D? has dem- 
onstrated a marked increase in urinary out- 
put and coronary graft blood flow. And a 
marked decrease in the peri-operative 
myocardial infarction rate. 

In addition, there was no significant 


CLINICAL REFERENCES 1. Wilkins, H., et al, “The Physiologic 
Pulsatile and Nonpulsatile Flow During Cardiopulmonary Bypa 


3. Bregman, D., et al, “ 





Counterpulsation with a New Pulsatile Assist 





mportance of Pulsatile Blood Flow,’ New England Journal of Medicine, 267:443, 1962. ; 
s on Left Ventricular Ejection Fraction Early 


Device (PAD) in Open-Heart Surgery," Medica 


Et Ppa 
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increase in hemolysis. 

For further information on the 
Datascope P. A.D., or to arrange for a visit 
by one of our technical representatives, 
write or call: Datascope Corp., 580 Winters 
Avenue, Paramus, New Jersey 07652. Tel. 
(201) 265-8800 or Datascope B.V., 
Kvyftenbeltlaan 6, Hoevelaken, Holland. 
Tel. 03495-4514. 


The Datascope PA.D. 





After Aortocoronary Bypass Surgery," Americar 
nstrumentation, 10: 232, 1976 





INOUNCING — à SHECTACUIAr NEW SUPSICAT dide 


YOCARDIAL REVASCULARIZATION 


Quentin R. Stiles, M.D. 
sernard L. Tucker, M.D. 
neorge G. Lindesmith, M.D. 
jert W. Meyer, M.D. 





165 pages, profusely illus- 


trated with 64 line drawings, 
35 halftone line combinations, 
and 4 two-color drawings 













every subscriber to THE ANNALS will want 
to own this beautiful book 


This authoritative new book synthesizes the information necessary CONTENTS 

to plan and perform safe and effective myocardial revascularization. tapas e serit T The Problem anc 
e l 

The authors, who have performed more than 1500 such operations Coronary Artery Anatomy, Physiology, 

with one- to five-year follow-up, draw on their extensive experience Anomalies, and Pathology 


$923 Coronary Angiography and Left Ventriculog 
to present this definitive reference and atlas. Selection of Patients for Operation, 


Selection of Arteries for Grafting 


: . : Cardiopulmonary Bypass: The Apparatus 
The table of contents reprinted below and the sample illustrations and Techniques 


above and on the facing page show how unusual the book is. Vascular Techniques 
: . : : i Postoperative Care 
Essential background information is provided in the first three Follow-up Studies: The Results of Operatio 
chapters with emphasis on normal anatomical and circulatory vari- Index 
ations. A chapter appendix containing 25 representative angiograms 
and left ventriculograms, accompanied by an artist's pictorial 
description of the coronary anatomy and pathology, provides a com- ORDER FORM/CLIP AND SEND TO 
prehensive view of landmarks and vessel patterns. FO: Lite, Brown and Company 
Medical Division 

34 Beacon Street 
Selection of patients, step-by-step guidelines for the technical : Boston, MA 02106 Tw" 

lease send c / of MYOCARDIAL 
maneuvers of the bypass, and the vascular procedures themselves REVASCULARIZATION (#815004) on 30- 
are covered in detail. The chapter on postoperative care offers a BDPDEONAl 6.6.12 nnno od $: 
unique checklist of points to consider and measures to be instituted ' not completely satisfied, 1 understand 

i À . f | can return the book and owe nothing. 

for the patient who is not responding as well as expected. A final 
chapter provides figures on the long-term results of some 1500 of 
the more than 2000 bypass operations performed by the authors, Name 


describing operative mortality and complications. 








To order a copy of this landmark work and major reference, simply 
fill in and mail the order form below. City = State/Zip 
[C] Bill me. [] Check enclosed. 


If check acompanies order, publisher pa' 
postage and handling. 








Artist's conception of displaced 
lead in right ventricle. 
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A few clockwise turns ame 

unique lead with its screw-in 
electrode is firmly anchored in the 
myocardium. It is sutureless, so 
the need for sutures and stab 
wounds is eliminated, thus 


permitting greater flexibility in CE EE | x S ™ 
surgical approaches. Use of this pans os TEN 
lead can shorten operative time "S 


and it may be removed and a C Screw-in 
repositioned if necessary during BEEN - D * 
implant. NN Myocardial 
* Positive anchoring reduces the : Leads 
possibility of postoperative 
dislodgement 


For complete information, see 
your local Medtronic 
representative. 


* [nstallation performed under _.. they stay 


Ah direct vision — fluoroscopy is not ^ where you put them. 
e Screw-in electrode eliminates required 


need for stab wounds or sutures 
* General thoracotomy not 


on caring MUNDI required for implantation, yo Medtronic 


* Can reduce operative time SE 
reducing surgical trauma Hiibils-vou hló 


* Allows a variety of surgical the pacemaker patient 
approaches 
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for the Travenol TMO Membrane Oxygenat 


Since the introduction of the Travenol TMO Membrane Oxyge- 
nator, surgeons have devoted significant effort to clinical 
evaluations of this gas exchange device used during cardio- 
pulmonary bypass. Independent teams led by Berry and 
DeBakey reported that the TMO oxygenator produced less 
,Ajauma to the blood than bubble oxygenators12 Solis 
credited it with better maintenance of platelet function 
According to the experience of Heimbecker et al. the unit 
contributed to lower levels of plasma hemoglobin during 
bypass and higher platelet survival rates. He also reported 
reductions in postoperative bleeding (chest drainage) and 
the need for banked blood4 Of major significance is the 
evidence submitted by Liddicoat et al verifying that the TMO 
oxygenator provided superior performance during cardio- 
pulmonary bypass when compared to bubble oxygenators5 
Em The Travenol TMO Membrane Oxygenator provides 





these advantages at costs comparable to bubble oxyge’ 
In addition, gas transfer across the membrane elim 
oxygenator-created microbubbles. This method of g 
change within the TMO Membrane Oxygenator more c 
resembles that of the normal human lung and will | 
independent control of oxygen and carbon dioxide tr: 
The oxygenator is designed to operate at blood flow 
up to 6 liters per minute and, under standard test cond 
will transfer 300 ml of oxygen per minute. 


Copies of the previously mentioned papers and 
others listed pertaining to the TMO Membrane Oxyg: 
are available upon request from your Travenol Carc 
monary Systems Specialist. 


The Travenol TMO Membrane Oxygenator is the unit formerly referrec 
as the Travenol MODULUNG-TEFLO Membrane Oxygenator. 


aggregation. Circulation, Vol. 52, July 1975. 4. Heimbecker, R.O.. McKenz 
Wall, W., Robert, A., Barnicoat, K.T., and Gergely, N. Bloodless open heart surgi 
blood sparing effect of a membrane oxygenator and an atraumatic circuit. Ab 
paper submitted to the Society of Thoracic Surgeons, 1976. 5. Liddicoat, JE. I 
S.M., Beall, A.C., Jr, Glaeser, D.H., and DeBakey, M.E. Membrane vs bubble oxy 
clinical comparison. Ann. Surg., Vol. 181, No. 5, May 1975 


Additional references on page 4 
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DEERFIELD. ILLINOIS. US.A. 60015 


ARTIFICIAL ORGANS DIVISION 
TRAVENOL LABORATORIES, INC. 


the Travenol TMO 
Membrane Oxygenator... 
performance you can count on 
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Source: Graph constructed from data 
presented in reference No. 4. 


No. of cases —TMO Oxygenator 65 
Bubble Oxygenator 70 


Bubble oxygenator w/filter — peak hemolysis 200 mg % 
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‘he Travenol TMO Membrane Oxygenator is indicated 
or the oxygenation of blood andthe removal of carbon 
lioxide from it in an extracorporeal circuit during 

otal cardiopulmonary bypass at flow rates up to 6 
iters/minute at altitudes not in excess of 2400 feet 
730 meters) 


;ONTRAINDICATIONS 

selection of patients as candidates for oxygenation is 
otally a medical responsibility and the outcome is 
lependent on many variables, including patient 
;athology and surgical and perfusion procedures 


VARNINGS 
:valuation of this oxygenator at elevated altitudes 
ias shown inadequate outlet partial pressure for total 
'ypass (apparently because of lower Ox? partial 
yressure differences across the membrane). Until 
ippropriate modifications are made. use of this device 
it altitudes above 2400 feet (730 meters) is not 
ecommended 

In patients who are actively bleeding. medical | 
udgment must be exercised in the use of the device 


3enefits of oxygenation must be weighed against 
inten AES AFAl AAA hanarinizatian Ovuaenreniirements 
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Source: Graph constructed from data presented 
in reference No. 3. 
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Use of blood suction devices must be limited where 
possible. 


PRECAUTIONS 
Adequate heparinization is essential. If the oxygenator 
is used in hyperbaric environments, both sides of the 
oxygenator must be referenced to the same pressure 
The gas outlet port should remain open and free of 
any obstructions 

Before using, refer to complete directions 
accompanying the product. 
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Traumatic Hemopericardium 
and Chronic Constrictive Pericarditis 


Costas G. Sbokos, M.D., Panayotis E. Karayannacos, M.D., Argyris Kontaxis, M.D., 
John Kambylafkas, M.D., and Gregory D. Skalkeas, M.D. 


ABSTRACT Chronic constrictive pericarditis fol- 
lowing traumatic hemopericardium has been re- 
ported in recent years, but it has not been reproduced 
experimentally in dogs. The present study attempted 
to produce posttraumatic constrictive pericarditis in 
34 experimental animals. 

Hemopericardium by means of trauma to the 
epicardium or pericardium was produced by a sharp 
instrument or by the injection of autologous blood 
inside the pericardial sac. All animals were killed at 
intervals between 3 and 31 months. 

The animals in which hemopericardium was in- 
duced by injecting blood into the pericardial cavity 
showed no changes. The hemopericardium was com- 
pletely resolved without noticeable residual trace. 
Animals having hemopericardium as a result of 
trauma evidenced a well-developed constrictive 
pericarditis that was documented clinically, hemo- 
dynamically, and histologically. 

These experimental findings indicate that chronic 
constrictive pericarditis may well be due to traumatic 
hemopericardium rather than to specific infection. 


Despite success in the operative treatment of 
constrictive pericarditis, its origin in many cases 
remains obscure. Causative factors implicated 
in constrictive pericarditis include viral and 
bacterial agents, an inflammatory reaction to 
foreign bodies, and an autoimmune response. 
Tuberculosis has been found in 10 to 28% of 
various collected series. In many reported cases, 
however, a meticulous search failed to reveal 
evidence of a specific etiological factor either in 
the clinical course, during the operation, or at 
postmortem examination. Consequently, patho- 
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logical findings of nonspecific fibrosis with or 
without calcification are usually described as 
idiopathic pericarditis [4, 5, 7, 9, 13, 14, 16, 20, 
21, 26]. 

The role of blood in the pericardial sac and its 
relation to the development of constrictive 
pericarditis has been open to speculation for 
some time [11]. Recently, increasing recognition 
has been given to the role of hemopericardium 
resulting from penetrating and nonpenetrating 
chest trauma in the etiology of constrictive 
pericarditis. Despite the fact that reports have 
appeared in the literature indicating that crush- 
ing chest injuries or relatively minor precordial 
trauma have resulted, at varying time intervals, 
in constrictive pericarditis, the precise role of 
blood inside the pericardium remains unclear 
[6, 19, 24]. 

Constrictive pericarditis caused by the injec- 
tion of autologous blood has yet to be produced 
experimentally in dogs, although some pericar- 
dial thickening has been shown by injecting the 
lipid fraction of pooled dog blood into the 
pericardial cavity [5, 8, 21, 25]. Nevertheless, 
there have been a sufficient number of well- 
documented cases of constrictive pericarditis 
following traumatic hemopericardium to leave 
little doubt that the organization of blood in the 
pericardial sac can ultimately lead to the de- 
velopment of constrictive pericarditis [5, 8, 20, 
225 22]: 


Materials and Methods 


This study used 34 healthy mongrel dogs of 
both sexes, weighing between 10 and 25 kg. 
The experimental animals were divided into two 
groups; the preliminary procedures for both 
were identical. 

Thirty minutes preoperatively the animals 
were premedicated with morphine and at- 
ropine. Anesthesia was initiated with sodium 
thiopental (20 mg/kg). After an endotracheal 
tube was placed the animals were connected to a 
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pressure-cycled respirator, and anesthesia was 
maintained with a mixture of nitrous oxide, 
halothane, and oxygen. 

Arterial and central venous pressures were 
continuously recorded through indwelling 
catheters placed in the radial artery and the right 
atrium. Both pressures, as well as the electrocar- 
diogram, were displayed on an oscilloscope and 
were continuously monitored during the opera- 
tive procedure. A small right or left thoracotomy 
was performed through the fifth intercostal 
space under sterile conditions. 

In Group 1, which consisted of 10 dogs, 
hemopericardium was produced by injecting 
fresh autologous blood into the pericardial cav- 
ity. The blood was aspirated from each animal's 
ventricle and injected directly into the pericar- 
dial sac. To prevent any possible leakage, the 
needle wound to the pericardium was ligated 
with a fine vascular suture. The amount of blood 
injected into the pericardial cavity of each dog 
varied from 130 ml for the largest dogs to 60 ml 
for the smallest. Care was taken to avoid acute 
tamponade; if this occurred, part of the injected 
blood was removed immediately. 

In Group 2, which consisted of 24 dogs, super- 
ficial trauma to the myocardium or the epicar- 
dium was inflicted with a knife. The resulting 
bleeding was left uncontrolled in both amount 
and duration. This traumatic hemopericardium 
more closely resembled the natural conditions of 
hemopericardium following chest or cardiac 
trauma. 

All animals received prophylactic antibiotic 
therapy for 10 days. A postmortem examination 
was performed on the 9 dogs from Group 2 that 
died immediately postoperatively or in the early 
postoperative period, and the pericardial cavity 
of each animal was carefully examined for the 
presence of clots. 

The surviving animals were followed for 
intervals varying from 3 to 16 months. Two 
dogs, 1 from each group, were followed for almost 
three years prior to sacrifice. Every 3 months 2 
animals from each group were killed and a full 
postmortem examination was_ performed. 
Specimens from the pericardial tissue, the liver, 
and the heart were examined histologically. In 
some animals cardiac catheterization was also 
performed prior to the terminal experiment. 
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Results 


Hemopericardium with Autologous Blood—No 
Trauma 


The pericardial sac of each animal in this group 
was clean, smooth, and apparently normal. No 
blood clots were found, and the injected blood 
was completely absorbed, resulting in a mini- 
mal reaction of the pericardium. None of these 
dogs developed either hemodynamic signs of 
constrictive pericarditis or macroscopical adhe- 
sions between the two layers of the pericardium. 
Microscopically, the pericardium showed very 
slight fibrosis and thickening, and no signifi- 
cant difference was found between dogs killed at 
various time intervals. Specimens from other 
tissues showed a normal histological picture. 


Traumatic Hemopericardium 


Nine dogs from this group died immediately 
after operation or in the early postoperative 
period. At postmortem examination clots were 
found in the pericardial cavity in 8 of these 9 
dogs. 

Changes in the pericardium and epicardium 
varying from minimal serosal alterations in 
some to more advanced constrictive pericarditis 
in 2 dogs were observed at postmortem exam- 
ination in all animals that survived the experi- 
mental period. The two most prominent 
changes were adhesions between the pericardial 
and epicardial layers and a marked thickening of 
the pericardium. The intensity of these changes 
paralleled the elapsed time between the original 
operation and the terminal experiment; the 
longer the animals survived, the more intense 
were histological changes. 

Microscopically, sections from the pericar- 
dium showed extensive, nonspecific gran- 
ulomatous tissue and scarring with fibro- 
blasts, collagen, and many phagocytes filled with 
deposits of hemosiderin. Extensive chronic in- 
flammatory reaction was present in the majority 
of the animals. Careful examination for the pres- 
ence of foreign bodies was negative. Cultures of 
fluid taken from the pericardial cavity, the 
pleural space, and the abdomen of all animals 
proved to be sterile. 

The location of the initial trauma on the 
epicardium or pericardium was also carefully 
examined. No relation was found between the 
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location of the trauma producing the 
hemopericardium and the area of granulation 
and adhesions found between the two pericar- 
dial layers. 

One animal died 9 months postoperatively 
with clinical symptoms of constrictive pericar- 
ditis. This animal became progressively ill and 
refused food; its jugular veins and abdomen 
were distended, and respiration became rapid 
and difficult. No fever or any other evidence of 
inflammatory disease was observed. At post- 
mortem examination the heart was found to be 
small and constricted. The parietal and visceral 
layers of the pericardium were densely fused 
except at a very small area at the apex of the 
heart. The liver was significantly enlarged and 
congested. Histologically the picture of ad- 
vanced adhesive pericarditis and congestion of 
the liver was found. 

Another animal that survived for 16 months 
also developed symptoms of constrictive 
pericarditis, which was documented hemody- 
namically, through cardiac catheterization, and 
at postmortem examination. The pericardium 
was found to be significantly thickened and was 
severely constricting the heart, which was 
markedly reduced in size. The liver was con- 
gested and enlarged, and there were small 
amounts of fluid in the peritoneal cavity and 
both pleural spaces. Microscopically, dense 
fibrous adhesive pericarditis and marked 
thickening of the pericardium and epicardium 
with hemosiderin deposits were found (Fig 1). 

Finally, 1 dog that was sacrificed at 31 months 
was found at postmortem examination to have 
patches of adhesions and thickening of the 
pericardium with iron pigment-laden mac- 
rophages. No evidence of constriction of the 
heart was observed (Fig 2). 


Comment 


In most cases of constrictive pericarditis no 
specific etiological factor could be assigned, al- 
though tuberculosis has often been considered 
responsible. Recently, attention has been di- 
rected to a possible relationship between direct 
or blunt cardiac trauma producing hemo- 
pericardium and the subsequent development 
of constrictive pericarditis. Many cases have 
been reported in which trauma has been def- 





Fig 1. Extensive fibrosis in both epicardium (E) and 
pericardium (P), with adhesions between, in an 
animal with signs of constrictive pericarditis killed 16 
months following experimental traumatic 
hemopericardium. (H&E; original magnification 
x120.) 


initely proved to be the etiological factor [1, 
11, 12, 15-18, 22]. Although the number of re- 
ported cases is still relatively small compared 
with the large number of blunt chest injuries, it 
is important to remember that the time interval 
between the injury and the development of 
symptoms of pericarditis is so long that both 
patient and physician may not correlate the re- 
sult with the cause. Nevertheless, several ex- 
perimental studies in dogs have failed to pro- 
duce traumatic constrictive pericarditis [5, 25]. 

Although Ehrenhaft and Taber [8] were un- 
successful in producing constrictive pericarditis 
by injecting autologous blood into the pericar- 
dial cavity of dogs, they produced some pericar- 
dial thickening and constriction by injecting the 
lipid fraction of pooled dog blood into the 
pericardial sac. Cliff and associates [2] also in- 
jected fresh autologous blood in the pericardium 
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Fig 2. Fibrous and granulation tissue (G) 
proliferation causing adhesion between pericardium 
and epicardium (E) in an animal killed 31 months 
following experimental traumatic hemopericardium. 
The micrograph shows the epicardial side of the 
adhesion. (H&E; original magnification X120.) 


of rabbits. No signs of adhesions were found 
when the animals were killed 15 minutes to 2 
months later. We had similar results with our 
first group. The instillation of autologous blood 
within the pericardial cavity of dogs produced 
minimal or no reaction and no adherence or 
constriction of the heart, even after survival up 
to 28 months. But all animals in Group 2, with 
traumatic hemopericardium, showed varying 
degrees of chronic fibrous pericarditis with 
hemosiderin deposits. Two of them developed 
well-documented chronic constrictive pericar- 
ditis, from which 1 died. This again is in agree- 
ment with Cliff’s findings in rabbits [2], in 
which blood injected into the previously dried 
pericardium produced dense adhesions as early 
as the end of the first week. Although they 
did not notice any constricting effects on the 
heart due to the short survival time, they were 


able to produce adhesions with tiny amounts of 
blood. 

From these results it is obvious that the for- 
mation of adhesions in the pericardial cavity 
requires two conditions: damage to the meso- 
thelial lining and the presence of blood. Presum- 
ably colloid solutions, including autologous 
blood, are removed from the normal pericardial 
cavity by the same transport mechanisms pres- 
ent in other serous cavities, ie, through the 
lymphatics and capillary circulation, thus leav- 
ing little evidence of their previous presence. 
Although anatomically the pericardium lacks a 
great number of lymphatics, absorption of blood 
still takes place. It has been shown from animal 
experiments that even large amounts of blood 
can be absorbed from the pericardial cavity 
within a few days [2, 3, 23, 27]. 

Porter and associates [23] have shown that 
both human and canine pericardia have a high 
concentration of fibrinolytic activators, which 
constitute an important system for retaining pat- 
ent vessels and for providing a normal healing 
process for wounds. Fibrinolysis is also the 
mechanism by which clots are removed from 
serosal spaces lined with mesothelial cells, such 
as the pleural, pericardial, and peritoneal 
cavities. They found that either physical or 
chemical trauma on the canine pericardium re- 
sulted in a significant decrease in fibrinolytic 
activity. Gervin and colleagues [10] reported 
that mechanical abrasion, drying, or heating 
of the pericardium significantly decreases 
fibrinolytic activity. Although the consequences 
of this decrease are not very clear, Youmans and 
co-workers [28] produced dense intrapericardial 
adhesions in dogs by abrading the pericardium 
with a cotton sponge. 

In the case of traumatic hemopericardium, a 
decrease in the absorptive capacity of the 
pericardium as well as loss of its normal 
mesothelial fibrinolytic activity due to the injury 
may lead to the formation of blood clots inside 
the pericardial sac. The blood attaches to the 
damaged surfaces and clots, pericardial inflam- 
matory changes occur, and granulation tissue 
develops, thus starting the process that leads to 
formation of adhesions and possible constric- 
tion. 

In view of the large number of chest injuries 
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due to automobile accidents and other causes, 
hemopericardium may occur more frequently 
and could account in the future for a greater 
incidence of cases of constrictive pericarditis. 
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Flow Velocity of Cardiac 
Lymph and Contractility 


of 


the Heart: An Experimental Study 


Akira Taira, M.D., Yasuo Morishita, M.D., Kazuhiro Arikawa, M.D., 
Kazutake Murata, M.D., Yoshiomi Hamada, M.D., 


and Hachinen Akita, M.D. 


ABSTRACT The flow velocity of cardiac lymph in 
various abnormal conditions of the heart and in con- 
trol situations was studied experimentally in dogs. 
The time needed for the cardiac lymph node to be- 
come stained after injection of contrast medium into 
the muscle layer of the left ventricular apex was 
measured as an indicator in determining flow veloc- 
ity of cardiac lymph. Left ventricular contractility was 
studied simultaneously. 

The hypoxic dogs had a short staining time with a 
vigorous cardiac beat. (Short staining time means 
accelerated lymph flow through the heart.) The hearts 
in which the coronary sinus was ligated revealed the 
shortest staining time with an insignificant contrac- 
tile change. The exsanguinating dogs had a long 
staining time with reduced contractility. The dogs 
with ventricular fibrillation had the longest staining 
time. When the heart rate was fixed by pacing, the 
staining time reflected contractile change. The con- 
tractile force of the heart plays an important role in 
the flow velocity of cardiac lymph. 


Current knowledge on the pathophysiology of 
the heart has provided a scientific basis for clini- 
cal cardiology. However, the pathophysiology 
of cardiac lymph has not yet been studied 
thoroughly. The relationship between the flow 
velocity of cardiac lymph and cardiac contractil- 
ity was investigated in this experiment. 


Materials and Methods 


Eighty-four adult mongrel dogs weighing 7.5 to 
18 kg were divided into the following six 
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groups; Group 1, 16 controls; Group 2, 9 with 
generalized hypoxia; Group 3, 9 with partial 
exsanguination; Group 4, 10 with the coronary 
sinus ligated; Group 5, 32 with ventricular pac- 
ing; and Group 6, 8 with ventricular fibrillation. 
The animals were anesthetized with intrave- 
nous thiamylal supplemented with succinyl- 


. choline. Controlled respiration was maintained 


with a Harvard respirator. Median sternotomy 
or right thoracotomy in the fourth intercostal 
space was performed. The “cardiac node” [11] 
was carefully exposed. Left ventricular pressure 
was monitored by a Statham pressure trans- 
ducer placed through the left ventricular vent. 
The maximum rate of rise of left ventricular 
pressure (LV dpd) was simultaneously re- 
corded. 

The hypoxia in Group 2 dogs was induced by 
means of a lowered respirator rate. Subsequent 
Po, was dropped to a mean of 44 mm Hg. In 
Group 3 approximately 4096 of circulating blood 
was exsanguinated, and the blood pressure fell 
to a mean of 59 mm Hg. The dogs in Group 4 had 
a ligature placed on the coronary sinus from 
outside the heart through a median sternotomy. 
In the dogs that underwent pacing (Group 5), 
complete atrioventricular block was produced 
by the Taufic method [10] prior to pacing. Ven- 
tricular pacing at arate of 100 beats per minute in 
18 dogs and 150 beats per minute in 14 dogs was 
established by a Medtronic 5880A pacer. Ven- 
tricular fibrillation in Group 6 was electrically 
induced under cardiopulmonary bypass. The 
hematocrit value in the hemodilution bypass 
with lactated Ringer's solution was 3096. Flow 
rate in perfusion was 100 ml/kg/min under light 
hypothermia of 35"C. The mean arterial pressure 
during the perfusion was 75 + 20mm Hg. When 
the hemodynamic condition of the dogs had 
stabilized, a small dose of india ink, approxi- 
mately 0.3 ml per 100 gm of left ventricular 


an" ae 
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weight, was injected with a 23-gauge needle 
into the muscle layer of the left ventricular apex. 


Results 

The staining time, the contractility value, and 
the data referred to them are summarized in the 
Table. The hearts with the shortest staining time 
were those in which the coronary sinus had 
been ligated (Group 4), and those with the 
longest staining time had had ventricular fibril- 
lation (Group 6). A significant difference in the 
staining time, a mean of 273 seconds, was seen 
between the two groups. Both the control and 
the hypoxia group (Groups 1 and 2) had a short 
staining time. The partially exsanguinated 
group with a low LV pressure and reduced LV 
d,/d, (Group 3) showed an apparent prolonga- 
tion of the staining time; however, it was less 
than that of the ventricular fibrillation group. 
The staining time of the paced dogs showed an 
intermediate ranking. From another point of 
view, the highest LV d,/d; was observed in 
Group 2 and the lowest in Group 3. 

Figure 1 represents the relationship between 
LV dy/d, and staining time in Groups 1, 2, 3, and 
5. The relationship between LV pressure and 
staining time in the same groups showed a simi- 


lar pattern (Fig 2). A short staining time corre- 
sponded with high LV dpd; and LV pressure, 
whereas along staining time correlated with low 
values for these measurements. Figure 3 repre- 
sents the relationship between contractility and 
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Fig 1. Relationship between LV dyld, and staining 
time of the cardiac lymph node in Groups 1, 2,3, and 
5. The distribution of dots indicates that the higher 
the LV dyld,, the shorter the staining time. Lower dpld, 
values correlated with longer staining times. 


Experimental Staining Times for Cardiac Lymph Nodes in Relation to Ventricular Contractility 


Lymph Node 


No. of Staining Time 
Group Animals (sec) 
1. Control 16 137$ Od? 
2. Hypoxia 9 151 X 46 
3. Exsanguination 9 241 £ 97 
4. Congested heart 10 77 X 41 
5. Pacing 
(100/min) 18 191 + 105 
(150/ min) 14 188 + 101 
6. Fibrillation 8 350 + 84 


@Standard deviation. 


Maximum Reference 

LV dydi LV Pressure Mean Values 

(mm Hg/sec) (mm Hg) (mm Hg) 

2,428 + 1,033* 152 + 39* Do, = 71.6, 
Pco, =. 22.3, 
pH = 7.42 

9,290 0 1,253. 17139 Po, — 44.0, 
Pco, = 35.5, 
pH = 7.31 

1,357 + 788 59 + 13 

2,590 £1,213 117 + 43 

20/4 35125 TDO 

1,558 + 891 121451 "pn 

Pump flow = 


LV d,/d, = maximum rate of rise of left ventricular pressure. 


100 ml/kg/min; 
mean arterial 
pressure = 75 + 20 


232 The Annals of Thoracic Surgery Vol 23 No 3 March 1977 





103 200 300 400 - 500 600 sec 


Fig 2. The relationship between LV pressure and 
staining time in Groups 1, 2, 3, and 5. A similar 
distribution to that in Figure 1 is seen. The elevation 
of LV pressure also facilitated the flow velocity of 
cardiac lymph. 
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Fig 3. The relationship between LV dyld and staining 
time with coronary sinus ligation (Group 4) revealsa 
peculiar distribution. Despite the difference in 
contractile value in each instance, the staining time 
was always short. 


staining time in the dogs that had coronary 
sinus ligature (Group 4). The congested hearts 
had a short staining time independent of con- 
tractility. The cardiac effort index and staining 
time in dogs with a stable cardiac rhythm 
(Groups 1, 2, and 3) and in the paced dogs 
(Group 5) (Fig 4) showed a distribution similar 
to that in Figures 1 and 2. 

Figure 5 shows the relationship between 
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Fig 4. The cardiac effort index in selected dogs with a 
stable cardiac rhythm in Groups 1, 2, and 3 and in 
dogs with paced hearts (Group 5) reveals a pattern 
resembling that in Figures 1 and 2. 
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Fig 5. The relationship betweer pulse rate and 
staining time with a stable cardiac rhythm in Groups 
1,2, and 3 revealsrandom distribution. The pulse 
rate alone does not correlate with the flow velocity of 
cardiac lymph. 


pulse rate and staining time in 32 dogs with 
stable cardiac rhythm in Groups 1, 2, and 3. A 
random distribution was characteristically seen. 
In the paced hearts (Group 5), the LV dp/d; corre- 
lated closely with the staining time (Fig 6). The 
dogs paced at 150 beats per minute had a shorter 
staining time than those paced at a rate of 100 per 
minute; however, the animals paced at 100 beats 
per minute had a higher LV d,/d. 


600 sec 
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Fig 6. In paced hearts (Group 5), augmentation of the 
contractile force relates positively to the short 
staining time. The hearts paced at 150 beats per 
minute have a slightly shorter mean staining time 
than those paced at 100 beats per minute. 


Comment 


The importance of cardiac lymph has been em- 
phasized [9]. It has been said that cardiaclymph 
reflects metabolic change of the myocardium 
more accurately and sensitively than does coro- 
nary sinus blood [3, 12]. Previous studies in this 
field, however, have been restricted mostly to 
observations of flow rate and composition of 
cardiac lymph [5, 7, 12, 13]. In these studies it 
has been established that myocardial hypoxia 
causes a substantial increase in the flow rate of 
cardiac lymph with augmentation of cardiac ac- 
tivity. Another experiment in dogs with thoracic 
aortic constriction in which norepinephrine or 
angiotensin II was administered revealed an in- 
creased flow rate of cardiac lymph [6]. Elevation 
of capillary hydrostatic pressure or increased 
capillary permeability or both were considered 
possible causes. Myocardial ischemia due to in- 
creased cardiac afterloading was similarly postu- 
lated. Drinker and associates [2] observed an 
increased flow rate of cardiac lymph with vigor- 
ous heartbeat following intravenous injection of 
epinephrine. Blood gas data were not discussed. 

Thus many investigations have been con- 
ducted or postulates made on the relationship of 
myocardial hypoxia and cardiac activity to the 
flow of cardiac lymph. Augmentation of cardiac 
activity was commonly seen in these experi- 
ments; however, close observation was not 


made of the relationship between augmentation 
of cardiac activity and cardiac lymph flow, and 
quantitative analysis of cardiac contractility in 
the dynamics of cardiac lymph flow has not been 
studied. 

Our experimental data have revealed a close 
relationship between cardiac contractility and 
the flow velocity of cardiac lymph. A deptn of 
hypoxia almost equal to that in Ullal's experi- 
ment [12] resulted in a considerably shorter 
staining time with augmentation of cardiac con- 
tractility. Low blood pressure with decreased 
cardiac contractility due to exsanguination cor- 
related with the prolongation of staining time. 
Celis and co-workers [1] investigated cardiac 
lymph flow during ventricular fibrillation. In 
our experiment the absence of myocardial con- 
tractility during ventricular fibrillation pro- 
duced the longest staining time. The influence 
of accelerated lymph production under 
hemodilution cardiopulmonary bypass is a 
further consideration in this result. Thus, short 
staining time corresponded to high LV d,/d, and 
LV pressure and long staining time to reduced or 
absent contractility in general. 

It is noteworthy that the hearts subjected to 
coronary sinus ligation revealed the shortest 
staining time. Leeds and associates [4] and Mil- 
ler and colleagues [8] previously observed an 
immediate increase of cardiac lymph flow upon 
ligation of the coronary sinus. The mean d,/d, 
value in congested hearts in our experiment was 
second from the top. Increases and decreases in 
cardiac contractility influenced the flow velocity 
of cardiac lymph less significantly in the dogs 
that had coronary sinus ligation. Besides a 
vigorous contractile force, myocardial conges- 
tion presumably played a role in acceleration of 
flow velocity of cardiac lymph. There was a small 
discrepancy in the relationship between stain- 
ing time and degree of cardiac contractility in 


the control and hypoxia groups that suggested 


the possibility of other factors influencing the 
flow of cardiac lymph. In the dogs having fixed- 
rate pacing, the relationship between contractil- 
ity and staining time paralleled that in the con- 
trol, hypoxia, and exsanguination groups. A 
positive chronotropism in paced hearts facili- 
tated the flow velocity of cardiac lymph. 
According to previous experiments and our 
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data, production or transportation of cardiac 
lymph seems to be influenced by several factors. 
Changes in capillary permeability or hydrostatic 
pressure may be a cause of increased cardiac 
lymph flow and accelerated flow velocity. How- 
ever, as a particular consideration regarding 
flow velocity in cardiac lymph transit, our ex- 
perimental data revealed that the contractile 
force of the myocardium played an important 
role. 
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Topical Cardiac 


Hypothermia and Phrenic Nerve Injury 


Joseph D. Marco, M.D., John W. Hahn, D.V.M., and Hendrick B. Barner, M.D. 


ABSTRACT The relationship between ice-chip car- 
dioplegia and impaired left diaphragmatic function 
was evaluated in dogs. Direct or indirect contact of 
the phrenic nerve with crushed ice for 30 or 60 min- 
utes resulted in phrenic paralysis for 6 to 28 days, 
with responsiveness returning from 7 to 62 days later. 
Microscopical examination of injured nerves re- 
vealed injury to the myelin sheath and preservation 
of axons. Paralysis of the left diaphragm after topical 
cardiac hypothermia may be secondary to cold injury 
of the phrenic nerve, which is reversible. 


Topical hypothermia has been shown to be an 
effective means of myocardial protection during 
aortic cross-clamping without coronary perfu- 
sion. In the three years that we have routinely 
used this method, there has been a significant 
incidence of elevation of the left hemidiaphragm 
postoperatively which has persisted in many 
instances for more than one month. Scannell [1] 
in 1963 described 4 instances of phrenic 
paralysis in 25 patients having topical cardiac 
hypothermia with ice chips and saline. He pos- 
tulated that this represented cold injury to the 
phrenic nerve and proposed the term frost-bitten 
phrenic for it. The following study was under- 
taken to evaluate phrenic nerve function after 
topical cardiac hypothermia. | 


Method 


Eighteen mongrel dogs weighing 12 to 16.5 kg 
underwent left thoracotomy. An implantable 
electrode was sutured into place around the left 
phrenic nerve on the cephalad part of its 
pericardial course. The minimal threshold re- 
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quired to achieve visible diaphragmatic contrac- 
tion was measured. The dogs were then divided 


into three groups. Group 1 consisted of 4 con- 


trols in which nothing additional was done. 
Group 2 consisted of 9 dogs that underwent di- 
rect exposure of the free infracardiac segment of 
the left phrenic nerve to ice chips made from 
lactated Ringer’s solution for 30 minutes (3 dogs) 
or 60 minutes (6 dogs). This was accomplished 
by laying the free segment of nerve in a small 
cup that was kept filled with ice for the 
hypothermia period. Group 3 consisted of 5 
dogs that had the pericardial portion of the left 
phrenic nerve caudad to the stimulation elec- 
trode exposed to ice indirectly (from within the 
pericardial sac) for 60 minutes. This was accom- 
plished by opening the pericardium anteriorly 
and retracting the segment bearing the phrenic 
nerve toward the wound. A rubber dam was 
then sutured to the pericardial sac from within 
to form a pouch, with the phrenic nerve cours- 
ing along its outer surface. This pouch was then 
filled with ice during the hypothermia period. 
The rubber dam kept the ice from contacting the 
heart. All dogs were stimulated immediately 
postoperatively and at varying intervals thereaf- 
ter, and the diaphragmatic response was deter- 
mined visually and palpably and was confirmed 
by fluoroscopy. A second operation was per- 
formed, at which time the stimulation threshold 
was determined by direct vision and segments 
of the left (experimental) and right (control) 
phrenic nerves were taken for light and electron 
microscopy. All stimulations were performed 
using a Grass stimulator set at 5 cycles per sec- 
ond; the impulses were 0.1 msec in duration and 
varied from 0.1 to 6.0 v in intensity. 


Results 


The control dogs (Group 1) had minimal in- 
creases (0.1 to 0.8 v) in phrenic threshold during 
5 to 26 days of follow-up (Table). 

Group 2 dogs did not have a diaphragmatic 
response to maximal stimulation (6 v) im- 
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Phrenic Nerve Function in Three Groups of Dogs following Experimental Topical Hypothermia 


First Day of Last Day of 
Response to Measured 
Days of No Submaximal Submaximal 
Baseline Response to Stimulus Threshold 
Threshold Topical Maximal ee 
Group (volts) Hypothermia Stimulus (6 v) Day Volts Day Volts 
1 0.5 None 0 Continuous 26 07 
0.6 None 0 Continuous 7 0.7 
0.2 None 0 Continuous 13 1.0 
0.3 None 0 Continuous 5 0.4 
2 0.2 Direct 30 min 25 
2.0 Direct 30 min 25 
2.0 Direct 30 min 25 
2.0 Direct 1 hr 25 
0.3 Direct 1 hr 24 
0.3 Direct 1 hr 23 Sra "T 
0.3 Direct 1 hr 6 7 0.8 30 0.6 
0.5 Direct 1 hr 10 18 0.6 30 0.6 
0.3 Direct 1 hr 28 62 0.3 
3 0.7 Indirect 1 hr 3 
0.8 Indirect 1 hr 3 
2.0 Indirect 1 hr 3 ee T E DAS 
0.7 Indirect 1 hr 20 53 0.7 53 0.7 
0.2 Indirect 1 hr 20 53 0.3 53 0.3 


mediately postoperatively, and in 6 of 9 dogs 
followed 23 to 25 days, diaphragmatic respon- 
siveness did not return. In the remaining 3 ani- 
mals a phrenic threshold could be measured 
from 7 to 62 days postoperatively. 

Group 3 dogs did not have a measurable 
phrenic threshold after operation. Three dogs 
died on the third day, and the 2 survivors were 
killed 53 days postoperatively with a phrenic 
threshold similar to the initial value. 


Pathological Findings 

Seven dogs had pathological studies performed. 
One control dog (Group 1) had medium-sized 
myelinated nerves with normal myelin and 
normal axons. Six study dogs had right phrenic 
nerve biopsy to serve as controls; all had 
medium-sized myelinated nerves with normal 
myelin and normal axons (Fig 1). Three dogs 
with direct phrenic contact to ice (Group 2) 
showed medium-sized myelinated nerves with 
severe demyelination and preserved axons with 
some fragmentation (Fig 2). Three dogs having 
indirect phrenic nerve contact with ice (Group 3) 


had medium-sized myelinated nerves with rare 
loss of myelin and normal axons. 


Comment 


The usefulness of topical cardiac hypothermia 
with ice chips has been well documented both 
experimentally and clinically. The occurrence of 
an elevated left hemidiaphragm after cardiac 
operations in which tepical hypothermia had 
been employed suggested a possible cause. To 
evaluate resistance of the phrenic nerve to 
hypothermia, a laboratory model was used. . 
The trauma of thoracotomy and implantation 
of electrodes on the phrenic nerve was as- 
sociated with a slight rise in stimulation 
threshold when followed as long as 26 days 
postoperatively. Direct exposure of the phrenic 
nerve to ice slush for 30 or 60 minutes resulted in 
phrenic paralysis for 6 to 28 days, with respon- 
siveness returning in 7 to 62 days. All pathologi- 
cally examined nerves had preservation of 
axons, with the major injury occurring to the 
myelinated sheath. 
Because of the possibility that the melting ice 
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Fig 1. Normal phrenic nerve. (Luxol fast blue, 
X100.) 


resulted in altered tonicity of the fluid bathing 
the phrenic nerve and thereby produced injury, 
the Group 3 dogs had intrapericardial placement 
of the ice slush. This is analogous to the clinical 
situation, in which the pericardium insulates 
the nerve. In these animals phrenic paralysis 
lasted at least 3 to 20 days and remitted bv 53 
days. 

In all animals with hypothermic phrenic 
paralysis that were followed to the point at 
which phrenic responsiveness returned, the 
stimulation threshold was similar to that of con- 
trol animals. Although the data are incomplete, 
it appears that hypothermic phrenic injury in- 
duced in this manner is reversible. These obser- 
vations suggest that the hypothermic phrenic 
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Fig 2. Phrenic nerve exposed directly to ice for one 
hour showssevere demyelinization and some axon 
fragmentation. (Luxol fast blue, X100.) 


nerve paralysis seen clinically is also reversible 
and that topical cardiac hypothermia with ice 
chips need not be avoided because of this unto- 
ward effect. 

Reduced left diaphragmatic function after 
ice-chip cardioplegia demands attentive pul- 
monary care in the postoperative interval. In- 
trapericardial coolant should be eliminated 
when no longer needed to reduce the likelihood 
of phrenic palsy. 
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Electroencephalographic and 


Neurological Correlates of Deep 
Hypothermia and Circulatory Arrest in Infants 


Michael E. Cohen, M.D., Janice S. Olszowka, M.D., and S. Subramanian, M.D. 


ABSTRACT At present there is much interest in the 
use of surface-induced deep hypothermia with cir- 
culatory arrest in infants undergoing an open-heart 
procedure for repair of congenital defects. This paper 
presents our experience with infants who have been 
monitored by preoperative, intraoperative, and post- 
operative electroencephalograms as well as by 
preoperative and postoperative neurological as- 
sessments. Our results indicate that young infants 
tolerate deep hypothermia with circulatory arrest 
quite well, and we therefore continue to advocate use 
of this procedure in operations for congenital cardiac 
disease. 


At the present time there is widespread interest 
in the use of surface-induced deep hypothermia 
with circulatory arrest in infants undergoing 
open-heart procedures for repair of complex de- 
fects. The bloodless field free of obstructing 
cannulas and the short duration of cardiopul- 
monary bypass constitute an ideal technique 
that infants tolerate quite satisfactorily, even 
more so than conventional bypass. One can offer 
definitive repair at an early age, thus circum- 
venting the psychological and financial burdens 
of multiple staged procedures. 

Whereas there is little doubt about the drama- 
tic improvement in physical growth and de- 
velopment in these sick infants following correc- 
tion, there is still concern about the long-term 


effects on mentality of deep hypothermia plus: 


circulatory arrest. There is still much con- 
troversy over the ideal anesthetic technique, op- 
timal pH during cooling, control of Pco,, and 
over what constitutes the safe period of cardiac 
arrest at various temperatures. This paper pre- 
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sents our experience with some of these ques- 
tions. A series of infants were evaluated neu- 
rologically with preoperative, intraoperative, 
and postoperative electroencephalograms. Em- 
phasis is placed on the intraoperative events 
during cooling and rewarming. 


Clinical Material 

Between January and December, 1974, a total of 
44 infants and children ranging in age from 7 
days to 342 years underwent 46 procedures 
under deep hypothermia. Five patients died at 
operation or immediately thereafter, and data 
were insufficient in 6 others. Thus 33 patients 
are considered in detail here, 22 of whom were 
under 1 year of age. Age group, weights, and 
diagnoses are indicated in Table 1. Each patient 
underwent a clinical neurological examination 
and electroencephalography prior to operation. 
An intraoperative BEG was begun just after in- 
duction of anesthesia and was recorded con- 
tinuously throughout the entire operation until 
the patient returned to normothermia. A post- 
operative EEG as well as a clinical neurological 
evaluation were done prior to the child's dis- 
charge. A summary of this protocol is shown in 
Figure 1. 


Technique 

Electroencephalograms from the first 23 patients 
were recorded on a Beckman machine and from 
the last 11, on a Grass model 89 electroen- 
cephalograph. Eight-channel recordings were 
used for the preoperative and postoperative de- 
terminations using a modified 10-20 system. 
For intraoperative records, one channel was 
used for the electrocardiogram. Gold cup-type 
electrodes were fastened to the scalp with elec- 
trode paste; the contact resistance was less than 
10,000 ohms. Sensitivity varied from 7 to 2 
uvimm. The continuous operative EEG record 
was interrupted by noise from mechanical 


— 
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Table 1. Age, Weight, and Diagnosis of 33 Infants Undergoing Hypothermic Open-Heart Operations with 
Cardiac Arrest and Neurological and EEG Monitoring 


Age No. of Weight 

Group (mo) Patients Range (kg) Diagnosis 

1 0-3 7 3.5-6.0 VSD, 1; TGA, 1; TGA and VSD, 2; 
tetralogy, 1; TAPVR, 1; PS and 
ASD, 1 

2 3—6 8 3.3-6.5 VSD, 4; TGA, 2; TAPVR, 1; AS, 1 

3 6-9 2 4.9—5.0 TGA, 2 

4 9—12 6 4,7—8.9 VSD, 3; TGA and VSD, 2; tetralogy, 1 

5 12-18 3 8.0-12.4 TGA, 1; TAPVR, 1; tetralogy, 1 

6 18—24 4 7.5-8.9 VSD, 1; TGA, 1; tetralogy, 2 

7 24 3 8.7-13.4 VSD, 1; VSD canal, 1; tetralogy, 1 


VSD = ventricular septal defect; TGA = transposition of the great arteries; TAPVR = total anomalous pulmonary venous 
return; PS = pulmonary stenosis; ASD = atrial septal defect; AS = aortic stenosis. 


movement and electrocautery. These segments 
were marked and subsequently disregarded. 
Artifact was recognized, and attempts were 
made to reduce it. 


Anesthesia and Operative Technique 

Anesthesia was induced in all patients with 
halothane and oxygen or halothane-oxygen- 
nitrous oxide and was maintained with this mix- 
ture by positive-pressure ventilation. Curare or 
intermittent doses of succinylcholine were used 


Fig 1. Protocolfor monitoring neurological effects of 
deep hypothermia and circulatory arrest in infants 
undergoing open-heart procedures for repair of 
congenital cardiac defects. 
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to prevent shivering. Halothane was discon- 
tinued below an esophageal temperature of 
30°C, and the anesthesia was maintained with 
nitrous oxide and oxygen until circulatory ar- 
rest. No halothane was used during rewarming. 
Surface cooling was carried out with ice bags 
until the esophageal temperature reached 26°C. 
Bypass was then instituted to bring the 
esophageal temperature to 20°C. Circulatory ar- 
rest was induced by aortic cross-clamping. Re- 
warming following the intracardiac repair was 
carried out by the pump oxygenator to an 
esophageal temperature of 34° to 35°C, with 
further rewarming by surface means. 

Serial arterial blood gases and sodium, potas- 
sium, and protein were monitored throughout 
cooling and rewarming. Ventilation was main- 
tained so as to keep the arterial Pco, between 35 
and 40 torr. No carbon dioxide was added to the 
anesthetic mixture. The pump oxygenator used 
a constant mixture of 98% oxygen and 2% car- 
bon dioxide. 


Results 


The electroencephalograms were interpreted 
within age groups to equalize any differences 
due to age. All patients initially exhibited low 
voltage and fast activity, and in most records 
there was electrocerebral silence following in- 
duced circulatory arrest. 


Intraoperative EEG 


All patients’ records showed the effects of light 
anesthesia, which was characterized by low volt- 


240 The Annals of Thoracic Surgery Vol 23 No 3 March 1977 


age and intermittent beta-wave activity. As ice 
packs were applied and the patient's tempera- 
ture decreased, a 12 to 18 cps spindling activity 
of variable voltage and frequency appeared in 
most of the records. This occurred in short runs 


Fig 2. Preoperative, intraoperative, and 
postoperative EEG samples. Temperature refers to 
esophageal temperature. 
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against a background óf ever-decreasing voltage 
and frequency. Samples of the EEG record at 
various temperatures are shown in Figure 2. All 
patients maintained some degree of activity 
(usually a 9 to 14 cps alphalike activity) until the 
time of circulatory arrest. Following this, the 
activity was monitored at a gain of 2 to 3 wv/mm 
and a time constant of 1.0 sec. The time from 
cross-clamping to what was interpreted as elec- 
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trocerebral silence varied and was difficult to 
measure accurately. After circulatory arrest 
(varying from 20 to 54 minutes; average, 35 min- 
utes), rapid rewarming by means of the pump 
oxygenator was begun. Initially the records 
were flat, and then gradually increasing voltage 
with slow frequency became apparent until the 
record stabilized, generally showing high- 
voltage theta of 5 to 6 cps. This usually oc- 
curred within 30 minutes. Several records var- 
ied from this usual pattern and will be dis- 
cussed. By the time patients were taken to the 
recovery room, their EEG records invariably 
showed well-organized, synchronous theta- 
wave activity (see Fig 2). 

GROUPÍ. Prior to cardiac arrest the EEG of all 
infants in the 0—3 months age group showed fast 
spindling that decreased to 9 to 10 cps alphalike 
activity. Upon rewarming the records were flat 
and gradually increased in voltage and fre- 
quency. Frequency was in the delta-wave range. 
Postoperatively the records varied between 150 
and 250 uv, 2 to 3 cps and 3 to 4 cps activity. On 
discharge all records in this group had returned 
to a preoperative appearance. 

GROUP 2. All records in this group (3-6 
months) showed alphalike activity prior to com- 
plete electrocerebral silence. Postoperatively 
these records appeared faster than those in the 
first group in that the frequency approached 4 to 
6 cps with less than 2 to 3 cps activity postopera- 
tively. One patient showed moderate-voltage (1 


to 2 cps) activity, which was somewhat unusual - 


from the previous records. The predischarge 
record in this same patient was normal. Two 
patients showed activity in the electrocerebral 
silence period during the time of circulatory ar- 
rest. At discharge one record remained in the 
range of 4 to 5 cps activity. Whereas the 
preoperative neurological exam in this patient 
was normal, the postoperative exam was inter- 
preted as showing developmental delay. The 
other patient's record and neurological examina- 
tion were normal. 

GROUP 3. Both patients in this group (6—9 
months) had records different from the preced- 
ing groups. The first patient's record showed 
shifting hemispheric sharp waves prior to the 
development of electrocerebral silence. Follow- 
ing rewarming the record showed 2 to3 cps high 


voltage. Upon discharge the tracing was well 
organized, showing good modulation of 
rhythms, and was thought to be normal for the 
age. Both preoperative and postoperative clini- 
cal examinations were normal. 

The other child in this group had a diffusely 
slow record both preoperatively and before dis- 
charge. Intraoperatively the record was slow and 
showed the spindling common to other records. 
There was some suggestion of remaining occipi- 
tal rhythms during the operation. Clinically this 
child showed developmental delay both pre- 
operatively and at discharge. 

GROUP 4. Several of the 6 patients in this 
group (9-12 months) had a developmental delay 
preoperatively. None had focal neurological 
signs. One child, although having a fairly severe 
form of tetralogy, was not diagnosed until just 
prior to admission for operation. All others in 
this age group had been followed for some time 
prior to operation. Three were unquestionably 
delayed in development; the last 2 of the 6 were 
probably normal. 

All but 1 preoperative EEG was normal. The 
odd one, in a child who was very much delayed 
in development, showed generally slow activ- 
ity. Postoperatively this same child had EEG 
slowing and asymmetry of hemispheric activity, 
with 2 to3 cps, 150 uv voltage in one hemisphere 
and 5 to 6 cps in the other hemisphere with a 
superimposed fast activity pattern. All other 
records were normal upon discharge. 

One patient who had been normal preopera- 
tively had a very stormy postoperative course 
with gross metabolic derangements and a pro- 
longed period of oliguria. This patient required 
a week of peritoneal dialysis, had seizures post- 
operatively, and was comatose for several days 
during this period. The EEG was grossly ab- 
normal throughout this period but improved 
rapidly concomitant with the observable clinical 
improvement. Atdischargethe EEG was normal, 
but the child still remained somewhat delayed 
neurologically. The child has since returned to 
a developmental level commensurate with his 
present age. 

GROUP 5. Two ofthe3 children in this group 
(12-18 months) were normal preoperatively, 
while the third showed possible developmental 
delay. All EEGs were normal both preopera- 
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tively and postoperatively, as were neurological 
examinations in the first 2 children. The child 
with possible delay showed definite develop- 
mental delay postoperatively, although to a 
small degree. 

GROUP 6. All 4 children in this group (18-24 
months) appeared normal clinically, both 
preoperatively and at discharge. Their EEGs 
were likewise interpreted as normal. 

Group 7. All 3 children in this last group 
(>24 months) were normal preoperatively. 
Two remained normal postoperatively, and their 
EEGs were unchanged as well. The third child in 
this group appeared well until 2 days postopera- 
tively, when he appeared lethargic and then 
developed right hemiparesis and cortical blind- 
ness. The EEG at this point showed interhemi- 


spheric asymmetry with increased voltage and 


slowing over the left hemisphere. Subsequent 
EEGs showed better-organized rhythms over 
the right side with suggestive flattening over the 
left side. The motor weakness improved gradu- 
ally up until discharge. A brain scan at this time 
was normal. Four weeks following discharge 
there was still improvement in the hemiparesis 
with no evidence of blindness. The EEG at this 
time showed interhemispheric asymmetry with 
moderate slowing on the left side. A four-month 
follow-up examination of this child showed con- 
tinued although improving right hemiparesis 
with apparently normal intellect. 


All abnormal neurological and BEG findings 
are summarized in Table 2. 


Comment 


We have used inhalation anesthesia for both 
induction and maintenance in our entire 
hypothermia experience. Unlike Mohri and as- 
sociates [6] and others [8], we have used 
halothane rather than deep ether anesthesia and 
have been content with its ease of handling, 
potency, and lack of explosion hazard. No car- 
bon dioxide is added to the anesthetic mixture, 
since alteration of the arterial Pco, does not af- 
fect the cold-induced changes in the EEG [5]. 
Thus we maintain ventilation so as to keep the 
arterial Pco, between 35 and 40 torr as measured 
at 37°C. The mild metabolic acidosis commonly 
seen in children with cyanotic cardiac disease is 
usually left uncorrected. This does not worsen 
during cooling as long as good cardiac output 
with adequate liver and kidney perfusion is 
maintained. 

We attribute the appearance of short runs of 
fast (9 to 14 cps), variable-voltage spindling dur- 
ing cooling to the halothane and nitrous oxide 
anesthesia. This was seen and described by 
Backman and associates [1]. In our patients, this 
type of activity was seen only during cooling 
and did not recur during the rewarming phase, 
when halothane was not employed. Further- 
more, it tended to disappear below 30*C, the 


Table 2. Summary of Abnormal Neurological and EEG Findings in 10 of 33 Infants Undergoing Open-Heart 
Operations with Deep Hypothermia and Cardiac Arrest 


Circulatory 

No. of Preop Preop Arrest Postop Postop Late 

Patients Neuro EEG (min) Neuro EEG EEG 

7 7 abnormal 4 abnormal, 22—46 6 abnormal, 4 abnormal, 

3 normal 1 improving 3 normal 

I Normal Normal 92 Delayed, Slow Normal 
improving 

]^ Normal Normal 54 Seizures, Very Normal 
coma; later abnormal 
improved 

I" Normal Normal 44 Hemiparesis, Asymmetry Normal 
? cortical 
blindness 


*From Group 2. 
>From Group 4. 
CFrom Group 7. 
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temperature at which halothane is discon- 
tinued. 

Some patterns varied during cooling, 1 pa- 
tient exhibiting shifting hemispheric sharp 
waves. No infant exhibited epileptiform activity 
during cooling. The paroxysmal sharp waves 
seen by Weiss and Arfel [10] or lateralization 
were not seen. The period of electrocerebral in- 
activity occurring at a variable time after cross- 
clamping was observed in all patients except 2, 
who showed some activity throughout the 
period. The times for electrocerebral silence to 
occur correlated well with what others have re- 
ported [4, 7]. 

Patterns upon rewarming were varied but fell 
somewhat within a predictable course. In most 
patients the records returned to precooling ac- 
tivity. The exceptional patients included 1 who 
showed activity during silence; 1 with anuria 
and later coma; and 1 who manifested right 
hemiparesis two days postoperatively. The first 
of these showed a slow record upon rewarming. 
The second showed a slow record at the end of 
the procedure, with asymmetry and seizure ac- 
tivity developing during the stormy postopera- 
tive period. The third patient’s EEG was not 
remarkably different upon immediate rewarm- 
ing but later showed asymmetry and flattening 
on the left side (see Table 2). 

seven of the 33 patients had abnormal neuro- 
logical examinations preoperatively, most of 
which were interpreted as indicating develop- 
mental delay. Of these 7, 4 had an EEG abnor- 
mality as well—usually slow, poorly organized 
records. This incidence of neurological abnor- 
mality is not surprising in view of the chronic 
heart failure or hypoxia to which these patients 
are prone. Indeed, one of the indications for 
operative correction is delayed development or 
failure to thrive. 

Of the 3 patients in whom there was neurolog- 
ical difficulty postoperatively (but who were 
normal preoperatively), 2 had indication of this 
upon rewarming. Further clinical improvement 
was preceded by improvement in the EEG in all 
3 patients. 

We cannot implicate the duration of arrest or 
degree of hypothermia as possible causes of 
neurological problems in these patients, since 
kidney failure and embolic phenomena are con- 
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arrest. The longest arrest time was in the patient 
with the most complicated course, but it was 
only six minutes longer than the arrest time in a 
patient with no problems postoperatively. 


Conclusions 

No attempts were made in this study to critically 
assess central nervous system or cortical tem- 
perature at the time of circulatory arrest. Unlike 
Weiss and co-workers [11], we did not measure 
apparent latencies or attempt to correlate tem- 
perature and circulatory arrest with length of 
electrocerebral silence in the EEG pattern upon 
rewarming. In view of the previous literature, 
these correlations appeared to have no practical 
worth. The value of this study is that it supports 
the validity of the operative technique and 
reemphasizes its apparent safety despite the 
prolonged period of deep hypothermia and elec- 
trocerebral silence, for these infants at risk in our 
series demonstrated continued neurological in- 
tegrity. Although we cannot say anything about 
cognition, focal neurological residual impair- 
ment has not been seen. 

This experience does not let us draw scien- 
tific, statistically valid conclusions. Yet we must 
admit that we are influenced by these studies, 
and we are confident that the technique used isa 
valid one. We continue to monitor all infants 
before, during, and after operation both neuro- 
logically and by EEG. This report suggests a 
guarded prognosis in an infant in whom EEG 
activity does not return to preoperative appear- 
ance. Activity during the period of electrocere- 
bral silence could also be interpreted as undesira- 
ble, although 1 patient showed possible effects 
from this and 1 did not. We have not seen any of 
the complications reported by Bjórk and co- 
workers [2] in 1962. 

In general, young infants tolerate deep 
hypothermia and cardiac arrest quite well, and 
we continue to advocate early repair of congeni- 
tal cardiac disease. The recent literature [3, 9] 
tends to support this view. The short-term prob- 
lems appear to be transient, but the overview in 
terms of long-term intellectual and neurological 
complications has to be fully assessed. This is 
currently being done at our institution. 
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Valvotomy in Young Patients 
with Rheumatic Mitral Stenosis 


Hisao Manabe, M.D., Choken Oyama, M.D., 
Soichiro Kitamura, M.D., and Yasunaru Kawashima, M.D. 


ABSTRACT Twenty-nine patients younger than 18 
years of age with mitral stenosis were operated upon 
in the Osaka University Hospital. Five patients who 
underwent operation in the early period of this study 
died postoperatively. Follow-up study was made in 
20 of the surviving patients for a period of 6 to 20 
years. Three died during the follow-up period. 
Twelve of the survivors were in NYHA Functional 
Class I, 4 were in Class II, and 1 was in Class III. 
Reactivation of rheumatic disease did not occur after 
mitral valvotomy. 


Mitral stenosis in the young necessitating opera- 
tive treatment is at present rare in Japan. In 
Osaka University Hospital over the 15 years 
from 1952 through 1967, we saw 29 patients 
under 18 years of age who required operation. In 
‘the past 8 years, however, we have not seen a 
patient under 18 years of age who needed a 
mitral valvotomy. The present study was under- 
taken to review our operative experience in 29 
young patients less than 18 years old who suf- 
fered from rheumatic mitral stenosis. 


Clinical Material and Results 


Of 548 patients with mitral stenosis, 260 men 
and 288 women, operated upon in Osaka Uni- 
versity Hospital, 29 (596) were less than 18 years 
of age (Fig 1). One patient was 9 years old, and 
the others were 10 to 17 years of age. The average 
age was 15 years. Of the 29 patients, 16 were 
boys and 13 were girls. 

The frequency of mitral stenosis in young 
people in developed countries and in develop- 
ing countries is compared in Table 1 [1—5, 7, 11]. 
A history suggestive of rheumatic fever was 
given by 4996 of the patients in our series. Joint 
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pain or fever were the symptoms most fre- 
quently encountered. In most of the patients 
with mitral stenosis in Japan, the interval from 
the initial cardiac symptoms or signs of rheu- 
matic fever to the time of operation is usually 
more than 10 years. However, in 200f our young 
patients the interval was less than 6 years. It is 
our impression that the rheumatic process pro- 
gresses more rapidly in younger patients than it 
does in adult patients (Table 2) [5, 10]. 

We have graded each patient's condition 
preoperatively according to the New York Heart 
Association classification. There were no pa- 
tients in NYHA Class I, 16 patients in Class II, 12 
patients in Class III, and 1 patient in Class IV. 
Physical restriction, exertional dyspnea, and 
palpitation were found in all patients. Chest 
pain or angina during effort was experienced by 
2 patients. Hemoptysis was present in 3 pa- 
tients. A history of embolism was found in only 
1 patient. Considering these signs or symptoms, 
there was no major difference between the 
younger patients and the older ones [6, 8, 12]. 

Roentgenographic and electrocardiographic 
findings peculiar to mitral stenosis were visible 
in almost all patients. A double shadow of the 
left atrium was visible in all, and hilar conges- 
tion was present in 23 patients. A cardiothoracic 
ratio above 5596 was observed in 22 of the pa- 
tients. Twenty-seven had normal sinus rhythm 
on ECG, and atrial fibrillation was present in 
only 2. The low rate of atrial fibrillation in these 
young patients was in sharp contrast to the inci- 
dence of 6296 found in older patients treated in 
our institution. Typical ECG signs of mitral 
stenosis were found in most of the patients. 
Mitral P waves appeared in 27 patients, and 
right ventricular hypertrophy was found in 24 
patients (Table 3). 


Operative Method 


The operative approach was by a standard left 
anterolateral thoracotomy through the fifth in- 
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Fig 1. Total number of closed mitral valvotomies, 
1952-1972. Upper portion, solid blocks = patients 
under 18 years old. Lower portion, shaded blocks = 
total number of valvotomies. 


tercostal space. Splitting of the valve was carried 
out either with a finger alone or with the use of a 
dilator. A left atrial thrombus was present in 1 
patient. This patient was in atrial fibrillation, 
although there had not been any previous em- 
bolic complication. Slight calcification of the mi- 
tral valve was palpated in 2 patients. 

The valve orifice was measured at operation 
by an inserted finger and was found to be less 
than half of a fingerbreadth in diameter in 3 of 
the patients. Seventeen had a valve opening be- 
tween 1 and 1 fingerbreadth, and in 9 patients a 
1 to 175 fingerbreadth opening was felt. The size 
of the mitral valve correlated fairly well with 
clinical symptoms. 


In 15 of the patients the mitral orifice admitted . 


2 fingers after valvotomy. The valvotomy was 
considered to be satisfactory in those patients. 


In 1 patient mitral valve replacement with a 
Kay-Shiley disc prosthesis was performed be- 
cause the valve was not restored to good func- 
tion after valvotomy (Table 4). 


Follow-up Study 


Five patients who underwent operation be- 
tween 1954 and 1958 died in the early postopera- 
tive period. None died thereafter. All those who 
died were in NYHA Functional Class III before 
operation. The heart catheterization data in 
these patients showed severe pulmonary hyper- 
tension with pulmonary arterial pressure equiv- 
alent to the systemic pressure. 

Twenty of the patients were followed from 6 to 
20 years with an average follow-up of 10 years 
(Fig 2). We graded the improvement after opera- 
tion according to the NYHA classification. 
Excluding the early deaths, 12 patients were in 
Class I, 4 were in Class II, and only 1 patient 
remained in Class III postoperatively. Three pa- 
tients died during the maximum follow-up 
period of 20 years. No patient in the present 
series experienced any sign of rheumatic disease 
reactivation such as joint pain or rheumatic 
fever. Reoperation for mitral valve problems 
was required in only 1 patient during the 
follow-up period. In this patient a moderate de- 
gree of mitral insufficiency resulted after closed 
mitral commissurotomy in 1955. Mitral valve re- 
placement with a Kay-Shiley disc valve was 
therefore performed in 1966. 


Comment 


There has been considerable argument concern- 
ing the value of mitral valvotomy in childhood 


Table 1. Comparison of National Incidence of Mitral Valvotomy in Young Patients 


Author Country 
Bailey and Bolton (1956) USA 
Angelino et al (1959) Italy 
Glover [5] (1959) USA 
Borman et al [2] (1961) Israel 
Cherian et al [3] (1964) India 
Osaka Univ (1971) Japan 


* Used to define young patients. 


Percent of 
Maximum Total No. of Young Patients 
Age? Valvotomies Having Valvotomy 
20 1,000 d.a 
16 600 2 
18 1,500 1 
16 173 8 
20 373 34 


18 548 5 
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Table 2. Interval from Rheumatic Attack or Initial 
Symptoms to Valvotomy in 29 Young Patients 


Duration (yr) No. of Patients 


2 4 
2-4 10 
4—6 6 
6-8 4 
8 5 

Total 29 





Table 3. Preoperative Electrocardiographic 
Findings in 29 Young Patients with Mitral Stenosis 


ECG Finding No. of Patients 


Normal sinus rhythm 27 
Atrial fibrillation 2 
Mitral P waves 24 
Right ventricular hypertrophy 24 
Left ventricular hypertrophy 2 


Combined ventricular hypertrophy 1 


Table 4. Operation for Mitral Stenosis in Young 
Patients 





No. of 
Lesion Patients Operation 
MS 26 Valvotomy (25), MVR (1) 
MI 1 Valvotomy 
MI + AI 1 Mitral valvotomy only 
MS + AI 1 Valvotomy, AVR with 


homograft 





MS = mitral stenosis; MI = mitral insufficiency; AI = aortic 
insufficiency; MVR = mitral valve replacement; AVR = aor- 
tic valve replacement. 


or adolescence. There is a risk of operating dur- 
ing a phase of active rheumatic carditis, and 
recurring rheumatic activity may be provoked 
by operative intervention. It is commonly be- 
lieved that in young patients with rheumatic 
heart disease, the persistent carditis is more re- 
sponsible for the deterioration of the mitral 
orifice than is the valve lesion. However, the 
extreme narrowing of the mitral valve found at 
operation in our young patients and the striking 
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Fig 2. Five-year follow-up after mitral valvotomy in 
29 young patients. 


improvement seen after valvotomy emphasize 
the importance of the valve lesion. Reale and 
Borman and their associates [4, 10] have the same 
opinion. 

There was no patient in NYHA Functional 
Class I before operation. After valvotomy 16 pa- 
tients (80%) among those who survived more 
than 5 years were in NYHA Class I or II. Among 
our patients older than 18 years of age, 24% 
remained in Class III or IV more than 5 years 
after mitral valvotomy [9], while 76% improved 
to Class I or II. Comparing these two groups of 
patients, it can be seen that the younger ones 
had a more favorable operative result. 

We have been particularly interested in 
rheumatic disease reactivation during the 
follow-up period, as this may be expected to be. 
high in young patients. Cherian and his as- 
sociates [5] reported a series of 126 patients less 
than 20 years of age who underwent mitral val- 
votomy, 15% of whom had recurrence of 
rheumatic disease in the follow-up period. On 
the other hand, Borman and his co-workers [4] 
had no instances of reactivation in the follow-up 
after valvotomy, and they performed mitral val- 
votomy in 2 children during the acute phase of 
rheumatic activity without significant post- 
operative difficulty. No rheumatic reactivation 
was encountered in the present series, though 1 
patient developed mitral insufficiency following 
mitral valvotomy. Based on the results obtained 
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from the present study, we are convinced that 
mitral valvotomy should be performed un- 
hesitatingly even in young patients. 
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cocci. Strains of staphylococci resistant to methicillin have existed 
in nature and it is known that the number of these strains reported 
has been increasing. Such strains of staphylococci have been 
capable of producing serious disease, in some instances resulting 
in fatality. Because of this there is concern that widespread use of 
the penicillinase-resistant penicillins may result in the appearance 
of an increasing number of staphylococcal strains which are re- 
sistant to these penicillins. 

Methicillin-resistant strains are almost always resistant to all 
other penicillinase-resistant penicillins (cross resistance with ceph- 
alosporin derivatives also occurs frequently). Resistance to any 
penicillinase-resistant penicillin should be interpreted as evidence 
of clinical resistance to all, in spite of the fact that minor variations 
in in vitro sensitivity may be encountered when more than one 
penicillinase-resistant penicillin is tested against the same strain 
of staphylococcus. 

Contraindications: A history of allergic reaction to any of the 
penicillins is a contraindication. 

Warnings: Serious and occasionally fatal hypersensitivity (anaphy- 
lactoid) reactions have been reported in patients on penicillin 
therapy. Although anaphylaxis is more frequent following parenteral 
therapy it has occurred in patients on oral penicillins. These re- 
actions are more apt to occur in individuals with a history of 
sensitivity to multiple allergens. 

There have been reports of individuals with a history of penicillin 
hypersensitivity reactions who have experienced severe hypersen- 
sitivity reactions when treated with a cephalosporin. Before therapy 
with a penicillin, careful inquiry should be made concerning previous 
hypersensitivity reactions to penicillins, cephalosporins, and other 
allergens. If an allergic reaction occurs, appropriate therapy should 


be instituted, and discontinuation of nafcillin therapy considered. 
The usual agents (antihistamines, pressor amines, corticosteroids) 
should be readily available. 

Precautions: As with any potent drug, periodic assessment of 
organ system function, including renal, hepatic and hematopoietic, 
should be made during prolonged therapy. 

The possibility of bacterial and fungal overgrowth should be kept 
in mind during long-term therapy. If overgrowth of resistant organ- 
isms occurs, appropriate measures should be taken. 

The oral route of administration should not be relied upon in 
patients with severe illness, or with nausea, vomiting, gastric dilata- 
tion, cardiospasm or intestinal hypermotility. 

Safety for use in pregnancy has not been established. 

Particular care should be taken with intravenous administration 

because of the possibility of thrombophlebitis. 
Adverse Reactions: Reactions tc nafcillin sodium have been 
infrequent and mild in nature. As with other penicillins, the possi- 
bility of an anaphylactic reaction or serum sickness-like reactions 
should be considered. A careful history should be taken. Patients 
with histories of hay fever, asthma, urticaria, or previous sensi- 
tivity to penicillin are more likely to react adversely. 

The few reactions associated with the intramuscular useof nafcillin 
sodium have been skin rash, pruritus, and possible drug fever. As 
with other penicillins, reactions from oral use of the drug have in- 
cluded nausea, vomiting, diarrhea, urticaria, and pruritus. 
Parenteral Administration: |t is recommended that parenteral 
therapy be used initially in severe infections. The patient should be 
placed on oral therapy with this product as soon as the clinical condi- 
tion warrants. Very severe infections may require very high doses. 

Intravenous Route: The required amount of drug should be 
diluted in 15 to 30 ml. of Sterile Water for Injection, U.S.P., or 
Sodium Chloride Injection, U.S.P., and injected over a 5- to 10- 
minute period. This may be accomplished through the tubing of an 
intravenous infusion if desirable. 

Stability studies on nafcillin sodium at concentrations of 2 mg/ml 
and 30 mg/ml in the following intravenous solutions indicate the 
drug will lose less than 10% activity at room temperature (70° F.) 
during the time period stipulated: 


isotonic sodium eheridé. ....... e ee cen rete 24 hours 
De up. PUR. ENETTOTITETIT TTL TL 24 hours 
5% dextrose in 0.4% 

sodium chloride solulion .... 1.5.5. o ror nnno 24 hours 
SIUE our NNERRTEPTTETITTITTILIDI IUS 24 hours 
M/6 sodium lactate solution 

C AUFL I EESTI TII I. 24 hours 


Discard any unused portions of intravenous solutions after 
24 hours. 

Only those solutions listed above should be used for the intra- 
venous infusion of Unipen® (nafcillin sodium). The concentration of 
the antibiotic should fall within the range of 2 to 30 mg/ml. The drug 
concentrate and the rate and volume of the infusion should be 
adjusted so that the total dose of nalcillin is administered before 
the drug loses its stability in the solution in use. 

There is no clinical experience available on the use of this agent in 
neonates or infants for this route of administration. 

This route of administration should be used for relatively short- 
term therapy (24-48 hours) because of the occasional occurrence of 
thrombophlebitis, particularly in elderly patients. 

Intramuscular Route: The clear solution should be administered 
by deep intragluteal injection immediately after reconstitution. 
After reconstitution, keep refrigerated (2°-8° C.) and use within 
7 days or keep at room temperature (25° C.) and use within 3 days. 
Oral Administration: Beta-hemolytic streptococcal infections 
should be treated for at least 10 days to prevent development of 
acute rheumatic fever or glomeruloneparitis. 

If oral therapy is inadequate, resort to parenteral nafcillin sodium. 

After mixing, the oral solution must be stored in a refrigerator. 

Discard any unused portion after one week. 
Supplied: INJECTION (VIALS)—Supplied in vial sizes of 500 mg., 
] gram, and 2 gram nafcillin sodium as the monohydrate, buffered. 
When reconstituted as recommended, the contents of each vial pro- 
vide, respectively, 2-, 4- or 8-ml. of nafcillin sodium solution 
equivalent per m/. to 250 mg. nafcillin buffered with 10 mg. sodium 
citrate. Film-coated TABLETS—containing nafcillin sodium as the 
monohydrate, equivalent to 500 mg. nafcillin buffered with calcium 
carbonate. CAPSULES— containing nafcillin sodium, as the mono- 
hydrate, equivalent to 250 mg. nafcillin buffered with calcium car- 
bonate. FOR ORAL SOLUTION-— Bottle of dry nafcillin sodium as 
monohydrate— powder for reconstitution to provide 100 ml. of 
solution containing nafcillin sodium equivalent to 250 mg. nafcillin 
per 5 ml. 
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Tetralogy of Fallot with a Single 
Pulmonary Artery: Operative Repair 


J. Jacques Mistrot, M.D., William F. Bernhard, M.D., 
Amnon Rosenthal, M.D., and Aldo R. Castaneda, M.D. 


ABSTRACT Surgical repair was performed on 8 pa- 
tients with tetralogy of Fallot and congenital or ac- 
quired absence of the left pulmonary artery. Prior 
palliative systemic-pulmonary artery shunts had 
been performed in the 5 patients with acquired ab- 
sence of the pulmonary artery, and in none was repair 
of the damaged pulmonary artery possible. A valve- 
containing conduit (Hancock) was used in each pa- 
tient to prevent pulmonary valvular regurgitation 
during the early postoperative period. All patients 
survived operation and have exhibited marked 
symptomatic and hemodynamic improvement. This 
contrasts with the poor results of corrective operation 
previously reported in patients in this diagnostic cat- 
egory. We believe that the present improved results 
are due in large part to the valved conduit, and we 
therefore recommend its use during repair in children 
or adults with tetralogy and a single pulmonary ar- 


tery. 


Despite low mortality and excellent long-term 
results after repair of tetralogy of Fallot (TOF), 
certain anatomical variations of this malforma- 
tion continue to have a high operative mortality 
and morbidity. One such abnormality is the ab- 
sence, either congenital (Dubuque syndrome) 
[12] or acquired, of one pulmonary artery. Since 
repair in patients with a single pulmonary artery 
has, in the past, resulted in a high mortality and 
morbidity [11], several authors [4, 15] have ad- 
vocated palliative operations rather than correc- 
tion. The failure of repair has been attributed to 
pulmonary valvular regurgitation and increased 
pulmonary vascular resistance. This report de- 
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scribes the successful repair of TOF with a single 
pulmonary artery in 8 patients, using a valve- 
containing conduit to avoid severe pulmonary 
regurgitation in the immediate postoperative 
period. 


Population and Operative Procedure 


From 1973 to 1975, 8 patients with TOF and 
absence or severe hypoplasia of one pulmonary 
artery have undergone repair at Children's Hos- 
pital Medical Center, Boston. The age at opera- 
tion ranged from 9 months to 32 years (Table 1). 
Three patients had congenital absence of the left 
pulmonary artery (Fig 1), and in 5 the left pul- 
monary artery was atrophic or occluded because 
of a previous palliative shunt operation (Potts 
procedure in 3, end-to-end left Blalock-Taussig 
anastomosis in 1, and kinking of a left Blalock- 
Taussig-pulmonary artery anastomosis in 1). 
Additional cardiovascular lesions included ac- 
quired pulmonary atresia in 2 patients, anoma- 
lous origin of the anterior descending coronary 
artery from the right coronary artery in 2 pa- 
tients, and congenital absence of the pulmonary 
valve and aneurysmal dilatation of the right 
pulmonary artery in 1 patient (see Table 1). 
Preoperative cardiac catheterization data are 
shown in Table 2 (see below). The pulmonary 
artery pressure was normal in 6 patients and 
could not be measured in the 2 patients with 
pulmonary atresia. 

All patients underwent repair using conven- 
tional cardiopulmonary bypass techniques ex- 
cept for the youngest patient, aged 9 months 
(patient 1; see Table 1) in whom deep 
hypothermic circulatory arrest was used. This 
patient required a Waterston shunt at 2 months 
of age. Repeat catheterization and angiography 
at 8 months of age, because of increasing cy- 
anosis, revealed an absent left pulmonary ar- 
tery and acquired pulmonary atresia. At the 
time of repair this patient weighed 6.7 kg, and a 
12 mm conduit was employed. 
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Table 1. Clinical Data in 8 Patients with Tetralogy of Fallot and Absent Left Pulmonary Artery 


Age at 

Patient Operation Weight Type of Additional 

No. (yr) (kg) Absent LPA Diagnoses 

1 9 mo 6.7 Congenital Waterston; 
persistent 
LSVC 

2 10 29 Congenital Accessory 
RV 
chamber 

13 32 Congenital Absent PV 

B 10 24 Acquired Atresia PV; 
RBT; LBT 

5 19 67 Acquired LBT; RBT 

6 19 53 Acquired Potts; 
diabetes 
mellitus 

7 29 45 Acquired RBT; Potts; 
severe 
scoliosis 

8 32 67 Acquired Potts; AD 
from RCA 


RV-PA 
Conduit 
Size Postoperative Follow-up 
(mm) Complication (mo) Comments 
12 Residual VSD, 8 Excellent result after 
CHF successful VSD closure 
20 Transient left 33 
phrenic 
palsy 
20 14 ar 
20 35 Patent LBT (end-to-end) 
and RBT; trivial VSD 
25 sieeve 12 
22 CHB, CHF Permanent pacemaker; 
small residual shunt at 
Potts 
25 7 
20 T 18 





LPA = left pulmonary artery; RV = right ventricle; VSD = ventricular septal defect; LBT = left Blalock-Taussig shunt; AD = anterior descending artery; PA = 
pulmonary artery; CHF = congestive heart failure; RBT = right Blalock-Taussig shunt; RCA = right coronary artery; PV = pulmonary valve; CHB = complete heart 


block; LSVC = left superior vena cava. 


In all patients the ventricular septal defect 
(VSD) was closed with a Dacron patch, and a 
right ventricular-single pulmonary artery con- 
duit was established with a Dacron conduit* 
containing a porcine valve anastomosed end- 
to-side to the main pulmonary artery (Fig 2). 
Conduit sizes ranged from 12 to 25 mm in 


*Hancock Laboratories, Anaheim, CA. 


Fig 1. (Patient 2.) Preoperative angiogram 
demonstrating congenital absence of left pulmonary 
artery. 





diameter (see Table 2). Reconstruction of the left 
pulmonary artery [2] was not possible in any of 
the 5 patients with acquired hypoplasia, at- 
rophy, or occlusion. In 4 patients an 18-gauge 
polyethylene catheter was threaded through the 
right ventricular outflow tract across the conduit 
and into the distal right pulmonary artery to 
measure pulmonary artery pressure in the im- 
mediate postoperative period and also to record 
pull-back tracings during withdrawal of the 
catheter. 


Results 


All 8 patients survived the procedure. Post- 
operative complications included permanent 
complete heart block, residual VSD, and tran- 
sient phrenic nerve palsy in 1 patient each (see 
Table 1). The patient with complete heart block 
developed congestive heart failure and has done 
well after placement of a permanent transvenous 
pacemaker. The patient with a residual VSD, the 
youngest of the group, required closure eight 
days after the original operation because of in- 
tractable congestive heart failure. He is now 
asymptomatic, and no significant gradient was 
measured across the 12-mm Hancock conduit 
one year postoperatively (Table 2). 
Hemodynamic data obtained in the im- 
mediate postoperative period or at subsequent 
cardiac catheterizations are shown in Table 2. 
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A 


Fig 2. (Patient 2.) Postoperative angiograms. (A) 
Anteroposterior view demonstrates Hancock conduit 
connecting right ventricle to main pulmonary artery. 
(B) Lateral view shows Hancock conduit connecting 
the right ventricle to the main pulmonary artery 
(end-to-side anastomosis). 


Table 2. Hemodynamic Data prior to and after Repair in 8 Patients with Tetralogy of Fallot and 
Absent Left Pulmonary Artery 











Preoperative Interval from Postoperative 
Operation to l i 
Patient Sao, PAP Postop Sao, RVP PAP 
No. (%) (mm Hg) Measurement (%) (mm Hg) (mm Hg) QUO, R,/R, 
1 68 17/11 (12) 48 hr? 95 45/5 38/5 ... 2.2 "T 
2 88 20/8 (11) 14 mo 94 74/4" 30/10 (14) 1.0 0.1 
3 88 10/3 (6) 24—48 hr? 95 TT 38/12 (22) 1.0 0.1 
4 76 ... (8) lyr 95 42/5 25/10 (15) 1.2 0.1 
5 88 20/10 (16) 1 yr 96 55/6 22/9 (13) 1.0 0.1 
6 84 12/5 (11) lyr 80 83/5 61/12 (45) 1.0 0.2 
7 75 ss DM 24—48 hr? 95 - 43/35 (39) 1.0 0.5 
8 90 23/10 (14) 14 mo 93 79/11 27/9 (18) i A. 0.1 


Postoperative measurements done through a polyethylene catheter inserted at operation. 
"In addition, patient had a tiny apical accessory right ventricular chamber with pressure of 170 mm Hg. 


Sao, = systemic oxygen saturation; PAP = pulmonary artery pressure; RVP = right ventricle pressure; Q,/Q,= pulmonary to 
systemic flow ratio; R,/R, = pulmonary to systemic resistance ratio. 
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Mild pulmonary artery hypertension was pres- 
ent in 3 patients and moderate hypertension in 
1. In the patients with mild hypertension, pres- 
sures were recorded within 48 hours postopera- 
tively. In 2 of these patients we anticipate that 
the elevated pulmonary artery pressures will 
have decreased with time; in the third (Patient 
1), complete closure of the residual VSD lowered 
the pulmonary artery pressure to normal levels. 
In the patient with moderate hypertension (Pa- 
tient 6) pulmonary vascular obstructive disease 
is present. Mild to moderate gradients (22 to 45 
mm Hg) across the conduit were measured in 3 
patients. The gradient was at the proximal anas- 
tomosis in Patient 8, at the xenograft valve in 
Patient 2, and at the distal anastomosis in Pa- 
tient 6. 

Postoperative follow-up has ranged from 6 to 
36 months (see Table 1). Only 1 patient (no. 6) 
remains on digitalis and diuretic therapy, and 2 
additional patients are taking digitalis only. All 
patients are clinically well, asymptomatic, and 
fully active. 


Comment 


In view of an operative mortality of 44 to 4896, 
several authors have held that a palliative 
systemic-pulmonary artery shunt using car- 
diopulmonary bypass is preferable to repair in 
patients with TOF and a single pulmonary artery 
[4, 15]. This high mortality has been ascribed to 
an increase in pulmonary vascular resistance 
secondary to thrombotic occlusion of the unilat- 
eral pulmonary vascular bed and also to pulmo- 
nary valvular regurgitation associated with the 
use of a right ventricular outflow gusset. The 
increased pulmonary vascular resistance aggra- 
vates the valvular insufficiency postoperatively 
[2, 3, 7-10, 12]. When confronted with the first 
patient of this series, we speculated that the op- 
erative risk might be reduced by eliminating 
pulmonary valvular regurgitation, particularly 
during the early postoperative period. Use ofa 
valved conduit rather than an outflow gusset 
seemed to accomplish this objective. Since all 8 
patients survived operation and are doing well, 
we feel justified in recommending this opera- 
tion for patients with TOF and congenital or 
acquired single pulmonary artery. 

The increased pulmonary vascular resistance 


in some patients with TOF and a single pulmo- 
nary artery may be due to multiple pulmonary 
artery thromboses associated with prolonged 
hypoxemia, polycythemia, hyperviscosity, and 
diminished pulmonary flow. Similar observa- 
tions have been made in other patients with 
TOF and small pulmonary arteries [5, 13, 14]. 
One may also speculate that after normal pul- 
monary blood flow has been reestablished and 
the right-to-left shunt eliminated, with con- 
sequent decrease in blood viscosity, resolution 
of these thrombi with a fall in pulmonary vascu- 
lar resistance may occur [6]. This course of 
events is suggested by early and late catheteriza- 
tion studies in a small number of patients with 
bilaterally patent pulmonary arteries [9]. The 
patient with TOF and a single pulmonary artery 
should have a favorable long-term prognosis 
after adequate repair, provided that the pulmo- 
nary vascular resistance is normal or will sig- 
nificantly decrease with time. 

The valved right ventricular outflow conduit 
should protect the right ventricle from volume 
overload while allowing time for the pulmonary 
resistance to return toward normal. There is lit- 
tle evidence to suggest that a shunt procedure 
will ^prepare" the pulmonary vascular bed any 
better than the reestablishment of right 
ventricular-pulmonary artery continuity. In 
fact, the volume load caused by a systemic- 
pulmonary artery shunt in these patients may 
impose an additional burden on the left ventri- 
cle as well as a variety of other undesirable 
sequelae [11]. 

Recently, employing deep hypothermic cir- 
culatory arrest, we have used a right ventricular 
outflow gusset in repairing TOF and congenital 
absence of the left pulmonary artery in a 
2-month-old infant. This patient tolerated the 
pulmonary valvular regurgitation extremely 
well and showed no evidence of right heart fail- 
ure. The uncomplicated postoperative course in 
this infant may relate in part to Ferencz's earlier 
findings of normal pulmonary vessels in neo- 
nates and infants with severe TOF [5]. If our 
experience with this infant is substantiated in 
larger groups of patients, it may be possible to 
avoid the use of valved conduits in the first 
months of life. With increasing age, changes 
within the pulmonary arteries may make correc- 
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tion of TOF witha single pulmonary artery more 
hazardous. The poor results of repair of TOF 
with a single pulmonary artery when using 
standard techniques in children as young as 3 or 
4 years of age support this viewpoint [1]. 

Our initial enthusiasm for the use of valved 
conduits has recently been tempered by the 
postoperative catheterization findings of re- 
sidual gradients across them.* This complica- 
tion was present in 3 of our patients. Gradients 
across either the proximal or distal suture line 
are mostly due to faulty operative technique and 
should thus be avoidable. Of greater concern are 
gradients across the xenograft valve. Long-term 
follow-up will be required before the hemody- 
namic importance and overall fate of these 
valves can be fully assessed. 

In conclusion, the absence—either congenital 
or acquired (not reconstructible)—of a pulmo- 
nary artery in patients with TOF does not pre- 
clude reparative operation. This can be done 
safely by employing a valve-containing conduit 
in the repair. The success of this procedure ap- 
pears related to two factors: (1) it maintains a 
competent pulmonary valve during the early 
postoperative course to protect the right ventri- 
cle from the combined stress of high pulmonary 
vascular resistance and regurgitant pulmonary 
blood flow; and (2) it provides a gradual de- 
crease in the pulmonary vascular resistance with 
the passage of time. 
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Posttraumatic Empyema 


Kit V. Arom, M.D., Frederick L. Grover, M.D., 
J. David Richardson, M.D., and J. Kent Trinkle, M.D. 


ABSTRACT Thisisa report of the experience gained 
from treating 18 patients with posttraumatic em- 
pyema during a 36-month period. The objectives of 
treatment were twofold: complete reexpansion of the 
lung, and evacuation of infected foreign material 
from the pleural space. The techniques of achieving 
these objectives were tube thoracostomy initially, 
followed by early thoracotomy if necessary. 


The distinction between posttraumatic em- 
pyema (hemothoracic empyema) and infected 
organizing hemothorax (infected hemothorax) 
is often subtle and difficult to determine. The 
former term is generally used in cases in which 
gross pus is aspirated from the pleural space and 
the infection has been present for a longer 
period of time. Traumatic empyema in this com- 
munication includes only patients with a posi- 
tive culture of the pleural peel or gross purulent 
drainage prior to operation. The larger group of 
patients with simple clotted hemothorax is not 
included in this series. 


Clinical Material and Results 


During a recent three-year period, 18 patients 
with posttraumatic empyema were treated at the 
Bexar County Hospital. During the same period, 
approximately 300 patients with thoracic trauma 
had been admitted to the cardiothoracic surgery 
service. Clotted hemothorax occurred in approx- 
imately 15%, and an empyema developed in 
6%—the 18 patients in this study. Their ages 
varied from 15 to 69 years, and there were 17 
men and 1 woman. The mechanisms of injury 
included 9 gunshot wounds, 6 stab wounds, and 
3 automobile accidents. A single pleural cavity 
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was involved in 16 patients, and bilateral in- 
juries occurred in 2 patients. 

Fifteen patients had major chest injuries, 
and 9 had no trauma to other organ systems. 
Three had chest wall contusion or skin lacera- 
tion. Eight patients had concomitant abdominal 
injuries, and 5 of these developed a subphrenic 
abscess. Thoracic and extremity injuries were 
present in 4 patients. Three patients developed 
empyema without a major chest injury. Large 
chest tubes (36 or 38F) were inserted im- 
mediately in the emergency room when a diag- 
nosis of hemothorax was confirmed by chest 
roentgenogram. Seventeen tube thoracostomies 
were performed in 15 patients (2 received bilat- 
eral tubes). Eleven of the 15 required a second 
tube because of inadequate drainage. Seventeen 
patients subsequently underwent thoracotomy 
and decortication. 

Early decortication was used when there was 
persistent fever, malaise, and elevated white 
blood cell count along with residual hemothorax 
or decrease in lung volume or both. Decortica- 
tion was performed an average of 16 days follow- 
ing injury. This was later than decortication in 
the group with clotted hemothorax alone; their 
general condition allowed decortication to be 
performed sooner if necessary, usually within 
the first week following injury. 

The 18 patients were divided into three 
groups for analysis: Group 1, 9 patients with 
chest injury alone; Group 2, 6 patients with 
chest and associated injuries; and Group 3, 3 
patients with mild chest injury and major ab- 
dominal trauma. The average age, sex, tempera- 
ture, and white blood cell count of each group 
are summarized in Table 1. Six of the 9 patients 
in Group 1 had a pure staphylococcal infection, 
Group 2 had mixed infections, and all 3 patients 
in Group 3 had bacteroides infection. Other bac- 
teria found were Streptococcus, Diplococcus, 
Pseudomonas, and Klebsiella species and Es- 
cherichia coli. Antibiotics were used according to 
the indications of sensitivity cultures. Operative 
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Table 1. Sex, Average Age, Temperature, and 
White Blood Count in 18 Patients with 
Posttraumatic Empyema 





Age Temp WBC 
Group Sex (yr) (°C) (cell/mm?) 
1 All male 30.3 38.9 14,400 
5 male, 28.8 39.2 25,100 
1 female 
3 All male 20.6 39.4 22,000 


Group 1 — thoracic injury alone; Group 2 — thoracic and 
abdominal injuries; Group 3 = minor thoracic and major 
abdominal injuries. 


pleural fluid cultures had no growth in 6 of 17 
patients, but cultures of the peel were all posi- 
tive for pathogens. 

Anteroposterior chest roentgenograms usu- 
ally showed the pleural peel and partially col- 
lapsed lung (Fig 1). Lateral views frequently did 
not demonstrate either the posterior triangle- 
shaped shadow described in hemothorax or the 
posterior inverted D seen in postpneumonic 
empyema [10]. 

Initially all patients received the same treat- 
ment for pulmonary contusion: fluid restriction; 


administration of diuretics, albumin, and 


Fig 1. Anteroposterior view of the chest one week 
after injury and before decortication shows a pleural 
peel and decreased left lung volume. 


methylprednisolone; and vigorous pulmonary 
toilet [21]. Decortication was carried out through 
a low posterolateral thoracotomy incision, usu- 
ally with rib resection. A combination of or- 
ganized clot and fibrinous, purulent peel was 
found in every patient. The gelatinous material 
was extracted manually, and the peel encap- 
sulating the lung was removed. This was usually 
technically simple in patients with early em- 
pyema, in whom a plane of cleavage could be 
developed between the visceral pleura and the 
peel. Entrance into the pleural space and de- 
velopment of the peel is best started anteriorly, 
since the bulk of the peel presents posteriorly. 
Pulmonary resection was not necessary in any 
patient. Two large chest tubes were inserted at 
operation. Particular care was given to total re- 
moval of the visceral peel to allow complete 
reexpansion of all lobes. Appropriate antibiotics 
were given for five to seven days. All chest tubes 
were removed within five days except in 2 pa- 
tients with a persistent air leak. There were no 
recurrences of empyema, and postoperative 
chest roentgenograms (Fig 2) showed complete 
reexpansion of the lung. 

The hospital courses of the three groups were 
quite similar (Table 2). Two patients in Group 1 
had chest tubes removed and were discharged 


Fig 2. After decortication an anteroposterior chest 
roentgenogram of the same patient as in Figure 1 
shows that the left lung is completely expanded, with 
no residual pleural peel. 
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Table 2. Summary of Clinical Course in 18 Patients 
with Posttraumatic Empyema 


Group 


Averaged Data 1 2 3 


Days of intubation 


Days lapsed before 
decortication 


Days hospitalized after 
decortication 


*Two patients were readmitted for decortication. 


Group 1 = thoracic injury alone; Group 2 = thoracic and 
abdominal injuries; Group 3 = minor thoracic and major 
abdominal injuries. 


with only a small pleural reaction at the costo- 
phrenic angles. These 2 patients subsequently 
returned with sepsis and purulent material in 
the pleural cavity that required delayed decorti- 
cation during a second hospitalization. 

In Group 3, empyema probably developed fol- 
lowing a subphrenic abscess. The pleural fluid 
was aspirated with a needle before chest tubes 
were inserted. The main organisms in this 
group were bacteroides, suggesting that the 
empyema may have developed secondary to the 
abdominal sepsis rather than from an infected 
hemothorax. One patient in this group, who 
was seriously ill and did not undergo decortica- 
tion, died from intraabdominal complications. 

The postoperative hospitalization was ap- 
proximately nine days in Group 1. Groups 2 and 
3 had a longer average hospitalization due to 
associated injuries. 

There were 4 postoperative complications and 
1 nonpulmonary death among the 18 patients 
(Table 3). Two patients in Group 1 had a con- 
tinuous, minimal air leak and required chest 
tubes for nine and ten days, respectively. One 
patientin Group 2 had a minor wound infection, 
and during induction of anesthesia another ex- 
perienced a brief cardiac arrest from which he 
recovered. One patient in Group 3 died. 


Comment 

Nearly 2,400 years ago thoracic empyema was 
recognized by Hippocrates. He wrote, “When 
empyemata are opened by the cautery or by the 
knife and pus flows pure and white, the patient 


Table 3. Results of Decortication in 18 Patients with 
Posttraumatic Empyema 


Group 

Results 1 2 3 
Complications 

Air leak 2 

Wound infection 224 1 

Cardiac arrest "T 1 

(mechanical) 

Death p ruf 1 





Group 1 = thoracic injury alone; Group 2 = thoracic and 
abdominal injuries; Group 3 — minor thoracic and major 
abdominal injuries. 


survives. But if it be mixed with blood, muddy 
and foul-smelling, he will die." His initial 
treatment included intercostal incision or rib re- 
section, packing the wound with cloth, and cov- 
ering the opening with cotton to establish closed 
drainage— providing the basis of therapeutics 
until twentieth century [26]. 

Operation for removal of the empyema peel 
was performed by Fowler [8] in 1893 in a pre- 
viously drained empyema, but the term decorti- 
cation was not used until Delorme introduced it 
in 1896 [6]. In 1915 Lilienthal [12] described 
thoracotomy with lung mobilization, wnich was 
the first attempt to treat empyema by decortica- 
tion. 

The difference between infected hematoma 
and purulent pleural infection was not recog- 
nized until 1900. Delorme [7] in 1912 stated that 
posttraumatic empyema was favorable for de- 
cortication. Spencer [20] in 1915 and Battle [1] in 
1917 recognized the pathophysiology of pulmo- 
nary compression in posttraumatic empyema 
and favored early decortication. Turner [23] in 
1919 described empyema following hemothorax 
as more serious than ordinary empyema, with 
drastic measures demanded for its cure: "The 
pathology is essentially different, for here [in- 
fected hemothorax] we are dealing with a serous 
sac filled with masses of blood clots which have 
become infected and are slowly disintegrating" 
[23]. Moynihan [13] in 1920 was cognizant of the 
importance of freeing the lung from constricting 
adhesions (organizing hemothorax) when 
thoracotomy was performed for removal of mis- 
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siles, and he thought that on many occasions 
liberation of the lung was the most important 
indication for operation. 

The differentiation between posttraumatic 
empyema and postpneumonic empyema was 
also lacking during World War II. In 1944 
Churchill (personal communication, Samson 
and Burford [16]) suggested that the lack of dif- 
ferentiation might have been due to the great 
number of influenzal empyemas, which largely 
overshadowed the posttraumatic cases in 
number and interest and caused considerable 
chronicity and death. 

The contributions of Burford and Samson [3, 
15, 17] in the early 1940s ushered in the modern 
treatment of posttraumatic empyema. In March 
of 1944 they reported successful primary decor- 
tication for hemothoracic empyema, and their 
study of the pathogenesis of hematoma organi- 
zation clarified the therapeutic approach. 

PATHOLOGY OF HEMATOMA ORGANIZATION. 
The process of hematoma organization begins 
with the deposition of a thin film of fibrin and 
blood cells over both pleural surfaces. This 
loosely adherent clot is followed by early angio- 
blastic and fibroblastic proliferation, which 
extends into the clot from the pleura. The 
hemothorax thus becomes a closed hematoma of 
the pleural space, the wall of the envelope being 
composed of an ever-thickening layer of fibro- 
blasts. The pleura itself does not become 
thickened but remains a thin, translucent mem- 
brane. Proof of the normalcy of the pleura is 
found in microscopical sections of peel stained 
for elastic tissue: none has been discovered in 
the peel. However, in sections of lung or 
thoracic wall, elastic fibers always are found just 
beneath the pleural mesothelium. Within three 
or four weeks the outer, older aspect of the peel 
(next to the pleural surface) becomes adult fi- 
brous tissue, with collagen fibers and nuclei ar- 
ranged parallel to the surface. The long axis of 
the capillaries remains at a right angle to the 
surface and continues through the pleura. 
Within seven weeks, small arterioles with 
smooth muscle fibers in their walls can be dem- 
onstrated at or near the outer aspect of the peel. 
Along the inner or younger surface of the peel, 
active fibroplasia continues, resulting in pro- 
gressive thickening. The mature peel forms a 


tough, inelastic membrane, 1 cm or more in 
thickness, which invests the visceral pleura and 
prevents pulmonary reexpansion. The segment 
of the envelope overlying the parietal pleura is 
thicker, more adherent, and more vascular than 
the visceral segment. Usually the fibrosis in- 
creases, and tufts of scar tissue extend through 
the pleura into the interstitial tissue of the lung. 
Cellular intimacy develops between the pleura 
and peel so that a cleavage plane is difficult or 
impossible to establish, and the invaded lung 
becomes poorly expansile. Calcium may be de- 
posited in the peel within three or four weeks. 

CLINICAL IMPLICATIONS. The success of 
early decortication depends on recognizing the 
factors just discussed. The occurrence of infec- 
tion in hemothorax does not change the essen- 
tial pathological picture of hematoma organiza- 
tion, although a firm, thick membrane may 
develop more rapidly. 

The different clinical courses of posttraumatic 
and postpneumonic empyema must be recog- 
nized. Empyema following pneumonia can usu- 
ally be treated by intercostal tube drainage, and 
it would be unusual to resort to thoracotomy. 
Posttraumatic empyema is due to infected or- 
ganized clot, which is difficult to drain even 
with large-bore chest tubes [2,4,5,9, 11, 14, 16, 
18, 19, 22, 24-26]. 

The cause of infection is not quite clear in this 
series. It could have been due to contamination 
by the mode of injury, or it may have been 
secondary to pulmonary or abdominal sepsis, 
particularly since more than half of the patients 
were seriously ill and required respiratory sup- 
port preoperatively. It could also very well have 
been related to the fact that many of these pa- 
tients had chest tubes inserted under less than 
optimal sterile conditions. A few interesting 
facts were observed, however: (1) staphylococcal 
infection was more frequent in the group with 
the less serious injuries; (2) mixed organisms 
(such as klebsiella, E. coli, and pseudomonas) 
were found in the group with multiorgan in- 
juries and longer respiratory support. The same 
organisms were frequently found in the tracheo- 
bronchial tree, suggesting invasion from this 
route; and (3) bacteroides organisms were found 
only in Group 3, in which empyema was believed 
to be secondary to intraabdominal infection. 
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When would be the optimum time for decorti- 
cation? From extensive study of the develop- 
ment of the process, it appears that the fibroblas- 
tic peel develops between one and three weeks 
after injury. The thick, inelastic fibrous tissue 
that invades the visceral pleura and underlying 
lung parenchyma does not become recognizable 
until after six to seven weeks. Therefore it seems 
logical that decortication should be performed 
within four weeks, before the fibrous peel de- 
velops. Another influential factor is the condi- 
tion of the underlying lung. It has been shown 
that more than 9096 of the patients achieved 
primary cure when the lung was normal at the 
time of decortication, whereas in patients with 
associated parenchymal disease some 40% had 
recurrent empyema [16]. Hence, if possible, de- 
cortication should be performed when the un- 
derlying lung is in optimum condition. 

In light of the above information, our patients 
have had decortication as soon as infection was 
evident and could not be controlled by tube 
drainage. This took approximately two weeks 
to establish. By that time, underlying lung 
problems such as pneumothorax, pulmonary 
contusion, edema, and sepsis should be well con- 
trolled. With modern anesthesia and monitor- 
ing devices, the risk of operation is low. Except 
for 1 death due to severe abdominal trauma, the 
complications were not serious. Follow-up 
study revealed no late recurrence. Early decorti- 
cation has several advantages: complete pulmo- 
nary reexpansion and removal of infected peel is 
immediate, chronic empyema with additional 
weeks of disability is prevented, and the patient 
is spared considerable discomfort from dress- 
ings and irrigations, duration of disability, and 
the devastating systemic effects of chronic 
pleural sepsis. 
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HOW TO DO IT 


Needle Suction of the Aorta for Left 
Heart Decompression during Aortic Cross-Clamping 


Bradley J. Harlan, M.D., E. Ross Kyger III, M.D., George J. Reul, Jr., M.D., 


and Denton A. Cooley, M.D. 


ABSTRACT Needle aspiration of the aorta is a sim- 
ple, effective, and safe method of left heart decom- 
pression when the aorta is cross-clamped during 
coronary artery operations. This technique avoids 
cardiac incisions, and air embolism does not occur. 
We have used this technique in more than 300 pa- 
tients without complications. 


Left ventricular venting is commonly used dur- 
ing coronary artery operations. The vent is usu- 
ally placed through the left atrium [5, 6] or 
through the apex [1, 3]. Although these tech- 
niques adequately decompress the left heart, 
they are associated with significant complica- 
tions. The left atrium can be lacerated by the 
vent. Limited but definite myocardial damage 
occurs with the apical vent. Apical venting can 
result in postoperative apical dyskinesia due to 
interruption of coronary collateral circulation 
with possible localized thrombosis and em- 
bolism. Postoperative bleeding can occur from 
the left atrial or apical incisions. Both techniques 
can introduce air into the heart, possibly result- 
ing in coronary or cerebral air embolism. 

In order to avoid these complications, tech- 
niques which do not use left ventricular venting 
have been developed [4, 7]. Although the "no- 
vent" technique of coronary artery bypass can 
be a safe method, troublesome bleeding may 
occur from the opened coronary artery, making 
the performance of a precise anastomosis dif- 
ficult. 

We have developed a technique of indirect left 
ventricular decompression in which a specially 
designed needle is placed in the cross-clamped 
aorta. The technique provides the advantages of 
a quiet, bloodless field during performance of 
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the distal coronary anastomoses and avoids the 
disadvantages of direct venting. Normothermic 
cardiopulmonary bypass is instituted with 
cannulation of both cavae. Arterial return is 
through the ascending aorta. Special clamps are 
placed around the caval cannulas for total bypass 
[2]. The aorta is cross-clamped, and the TMP 
aspiration needle* is connected to coronary suc- 
tion and inserted in the ascending aorta. Chilled 
Ringer's lactate (4°C) is poured over the heart. 
The left ventricle and aorta empty during this 
time, and ventricular fibrillation usually occurs. 
The distal coronary anastomoses are then done 
in a quiet, empty heart with a dry operative field 
(Figure). All distal anastomoses are performed 
during one continuous period of clamping; 
however, the aortic clamp can be released fol- 
lowing each distal anastomosis. When the distal 
anastomoses have been completed, the aortic 
cross-clamp is released. A large partially occlud- 
ing clamp is placed on the ascending aorta. 
Opening of the plane between the proximal as- 
cending aorta and the main pulmonary artery 
can facilitate placement of this clamp. Once 
coronary circulation is resumed, sinus rhythm 
usually occurs spontaneously. If not, electrical 
defibrillation is performed at this time. The 
proximal anastomoses are then constructed in 
the beating, perfused heart while the patient 
remains on bypass. This permits the myocar- 
dium to recover from ischemia while the heart is 
doing minimal work. Coronary air embolism is 
prevented by removing air from the grafts and 
aorta with a small needle as the partially occlud- 
ing clamp is released. 

Left ventricular decompression with the aortic 
needle suction technique is well suited to coro- 
nary artery operations and has been used with- 
out complications in more than 300 patients at 
this institution. 


*Texas Medical Products, 
TX 77025. 


PO Box 20663, Houston, 
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A Method of Enlarging 


the Distal Transverse Arch 
in Infants with Hypoplasia and Coarctation of the Aorta 


Joseph J. Amato, M.D., Harold F. Rheinlander, M.D., 


and Richard J. Cleveland, M.D. 


ABSTRACT Immediate operation in infants suffer- 
ing from severe congestive heart failure and coarcta- 
tion of the aorta associated with hypoplasia of the 
distal transverse aortic arch often poses a difficult 
technical problem. Frequently the anastomosis be- 
tween the hypoplastic arch and the descending 
thoracic aorta fails to relieve the gradient across the 
hypoplastic segment appreciably. A technique of en- 
larging the lumen of the distal arch and thereby 
further lowering the gradient has been found effec- 
tive and is presented. 


The operative mortality in infants with severe 
coarctation associated with hypoplasia of the 
aortic arch remains high [1-3]. The frequent as- 
sociation of endocardial fibroelastosis, ventricu- 
lar septal defect, or obstructive lesions of the left 
heart usually determines the ultimate survival of 
these patients. However, immediate relief of the 
severe congestive heart failure may be achieved 
by correction of the aortic obstruction. Defini- 
tive repair of the associated correctable cardiac 
anomalies may then be performed either im- 
mediately or at a later time. 

Relief of the aortic obstruction in these infants 
may present a technical problem when hypo- 
plasia of the distal transverse arch coexists, for it 
is difficult to achieve an adequate anastomosis 
between the hypoplastic segment and the de- 
scending thoracic aorta. Consequently, the aor- 
tic gradient will not be relieved, and left ven- 
tricular failure will persist. We have found the 
following procedure to be of value in treating 
infants with coarctation associated with hypo- 
plasia of the transverse aortic arch when the in- 
volved segment begins at the level of the left 
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common carotid artery and extends distally to 
the level of the patent ductus arteriosus. 


Method 

The hypoplastic aorta is mobilized from the in- 
nominate artery proximally to beyond the sec- 
ond or third set of intercostal arteries distally. 
The left common carotid and subclavian arteries 
are dissected free to the apex of the bony thorax. 
The patent ductus arteriosus, which is invari- 
ably large, is divided and oversewn. The aortic 
arch is clamped just beyond the innominate ar- 
tery, and the distal clamp is placed in the usual 
position. The left common carotid and subcla- 
vian arteries are clamped distally. 

The area of coarctation and the hypoplastic 
aorta are excised from the orifice of the left sub- 
clavian artery to an area of adequate diameter 
distal to the ductus site (Fig 1). An incision is 
made in the inferior aspect of the arch from the 
subclavian orifice to the origin of the left carotid 
artery in an attempt to provide a proximal lumen 
that will approximate that of the distal segment. 
An end-to-side anastomosis is made between 
the proximal incision and the distal aorta using 
6-0 continuous polypropylene suture (Fig 2). 

Inspection may reveal residual stenosis be- 
cause of the proximal extent of the hypoplas- 
tic segment. The residual stenosis can be 
documented by direct simultaneous measure- 
ment of the aortic blood pressure proximal and 
distal to the anastomosis, employing paired 
strain gauges and a suitable recorder. If a 
marked gradient persists, it is necessary to in- 
crease the intraluminal diameter further in order 
to relieve the obstruction satisfactorily. In order 
to achieve an adequate lumen size in the nar- 
rowed aorta, beginning at the origin of the left 
carotid, a longitudinal incision is made in the 
superior aspect of the arch between the carotid 
and subclavian arteries. This incision is carried 
approximately 1.5 cm up the contiguous walls of 
these vessels (see Fig 1D). A 6-0 polypropylene 
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Fig 1. The hypoplastic aortic arch distal to the left 
common carotid artery. Inset: A, incision line of the 
proximal segment of the hypoplastic arch. B, division 
line of the patent ductus arteriosus. C, distal incision 
line in the descending aorta. D, site of incision to 
enlarge the anastomosis between the proximal and 
distal aorta. 
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Fig 2. The primary anastomosis after removal of the 
hypoplastic segment of aorta. The proximal stump of 
the ductus is oversewn. 





suture is started in the midpoint of the posterior 
lip of the incision and is carried upward, ap- 
proximating the anterior and posterior walls of 
the left common carotid artery and left subcla- 
vian artery (Fig3). Completion of the suture line 
anteriorly joins the proximal portions of the left 
carotid and subclavian arteries and enlarges the 
diameter of the hypoplastic arch (Fig 4). Prox- 
imal and distal blood pressures are again mea- 
sured in order to document that the obstruction 
has been relieved. 

During the past twelve months we have oper- 
ated on 11 patients with coarctation of the aorta. 
Four were infants with preductal coarctation 
and hypoplasia of the distal transverse arch. In 
these patients the end of the descending aorta 
was sutured to the underside of the arch. One 
patient died. The last 2 of these 4 patients 
underwent enlargement of the distal arch as de- 
scribed and are currently alive. 

We have found this technique to be an effec- 
tive method for further lowering the measured 
gradient across a hypoplastic distal arch follow- 
ing resection and anastomosis for coarctation. 
The long-term results in terms of redevelopment 
of significant gradients remains to be deter- 
mined. However, the procedure adds to the cur- 
rent techniques available for dealing with this 
complex problem in infancy. 


263 How to Do It: Amato, Rheinlander, and Cleveland: Enlarging Distal Transverse Arch in Infants 








W 


ug, 
C». 


ettet lel 


am 


Fig 3. Suturing of the posterior and anterior walls of 
the left common carotid and left subclavian artery. 
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A New Wire-Supported 


Shunt for Carotid Endarterectomy 


John M. Keshishian, M.D., and Stanley Crossland, M.D. 


ABSTRACT An intraarterial shunt for cerebral pro- 
tection during carotid endarterectomy is described. It 
combines the features of the U-shaped shunt of Hal- 
lin and the straight shunt of Sundt, and incorporates a 
side-arm that can be used for perfusion, irrigation, 
and intraarterial pressure. The shunt is a molded 
Silastic tube with wire coils at each end to prevent 
collapse, and its funicular collar and rim obviate sud- 
den expulsion. Its use allows endarterectomy to be 
performed in a deliberate manner, permitting careful 
attention to prevention of an intimal flap and unhur- 
ried repair of the arteriotomy. 


Presently, various methods are used for avoid- 
ing cerebral insult during carotid endarterec- 
tomy. In some instances rapid extraction of the 
plaque and closure have appeared adequate. In 
other cases many believe that measurement of 
“stump” pressures will give substantive evi- 
dence that adequate cerebral perfusion exists. 
There is no consensus on a magic number for 
stump pressure before the decision whether or 
not to use a temporary shunt is made. 

We, like others, have used the temporary in- 
traarterial shunt for the past ten years, in some 
instances utilizing it in conjunction with local 
hypothermia. This report describes an intraarte- 
rial shunt that combines the features of the 
U-shaped shunt of Hallin plus the straight shunt 
of Sundt (Figs 1, 2). It resembles the shunt re- 
cently reported by Brener and associates [1] but 
differs in construction, consisting of a molded 
Silastic tube with supportive wire coils at each 
end and a funicular collar rim and side-arm with 
nipple seal (Fig 1). The shunt is tapered to ac- 
commodate to the lumen of the internal and 
common carotid arteries. The device is available 


From the Department of Surgery, the George Washington 
University Medical Center, Washington, DC. 


Accepted for publication June 18, 1976. 


Address reprint requests to Dr. Keshishian, 2520 L St, NW 
(at Pennsylvania Ave), Washington, DC 20037. 


264 





Fig 2. From top: Sundt shunt, shunts described in text, 
Hallin shunt. 
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Fig 3. (A) Operative field. A bulldog clamp is 
occluding the external carotid artery. Heavy silk ties 
are loosely double-looped about the internal and 
common carotid arteries, with a central “pull-out” 
tie. (B) The carotid artery has been opened and the 
incision extended above the plaque into the internal 
carotid artery. Orifices of the external carotid can be 
seen in the left center of the arteriotomy. An 
ulcerated stenotic plaque is visible at the base of the 
thumb forceps on the right. (C) Endarterectomy has 
been completed with the shunt in the U mode. Patch 
grafting has been started on the right side of the 
arteriotomy. The shunt will be pushed in both 
directions so as to lie flat before the opposite side 
issewn. 
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in sizes as small as 3 mm in internal diameter at 
the internal carotid artery end. 

We have used this new shunt in 32 patients 
without complication. It is our opinion that 
every surgeon who performs carotid endarterec- 
tomy should be able to insert a shunt with a 
minimum of fuss. Therefore our residents are 
instructed in its use and become facile in its 
insertion. We have a simple checklist for shunt- 
ing and everyone on the team knows his duty, 
which prevents unexpected and athetoid re- 
sponses. 


Technique 

Figure 3 shows the operative field. A bulldog 
clamp has been placed on the external carotid 
artery. Heavy silk ties are loosely double-looped 
about the internal and common carotid arteries 
with a central “pull-out” tie. 

After the common and internal carotid arteries 
have been gently occluded, the arteriotomy is 
made and extended up beyond the plaque and into 
normal internal carotid artery. The preirrigated 
shunt is then introduced into the internal 
carotid with simultaneous release of the clamp 
and tightening of the tourniquet. The suppor- 


tive wire prevents occlusion; the collar avoids 
sudden slippage into the field. Back-bleeding is 
verified through the side-arm with the common 
carotid artery side compressed; the same is done 
for the lower end. Pressures and flow rates can 
be measured if desired; otherwise, the nipple 
adapter is closed. 

With the shunt in place, endarterectomy is 
begun. Traction sutures on each side enhance 
exposure. At this time the shunt is used in the U 
mode. The wire coil assures bending without 
kinking at the internal carotid. After the plaque 
has been removed and intimal integrity con- 
firmed, the shunt is slipped down into the 
common carotid, converting the device into the 
linear mode so that it lies within the lumen of the 
artery. The arteriotomy can now be closed, with 
or without patch grafting. We prefer to run a 
suture from both ends of the arteriotomy site; 
the shunt may then be withdrawn before the last 
few sutures are placed. 
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Correction of Anomalous 
Subdiaphragma 


tic Inferior Vena Caval Drainage 


of the Right Pulmonary Veins (Scimitar Syndrome) 


Gordon R. Tobin, M.D., Robert M. Anderson, M.D., 


and Arnold J. Arem, M.D. 


ABSTRACT Correction of anomalous infradia- 
phragmatic inferior vena caval drainage of the right 
pulmonary veins can be repaired under conventional 
cardiopulmonary bypass by placing a circumferential 
tape below the diaphragm between the hepatic veins 
and the scimitar vein entrance. During repair, crea- 
tion of an atrial septal defect in the distorted septal- 
left atrial junction of scimitar syndrome is facilitated 
by first incising the anteromedial aspect of the fossa 
ovalis to better delineate the optimal posterolateral 
margin. A case history illustrates the technique. 


Since the advent of cardiopulmonary bypass, 
the left-to-right shunt of scimitar syndrome has 
been correctable in all cases. Two problems have 
remained, however, that have made repair 
somewhat complicated. The first is the inacces- 
sibility of the anomalous vein entrance into the 
inferior vena cava while the patient is on con- 
ventional cardiopulmonary bypass with the in- 
ferior vena caval catheter and circumferential 
tape in place. The second problem is that there is 
distortion of the landmarks for atrial septectomy 
due to the absence of pulmonary venous at- 
tachments to the left atrium. 

The two problems were minimized by two 
technical maneuvers during correction of anom- 
alous subdiaphragmatic inferior vena caval 
drainage of the right pulmonary veins in a 
9-year-old girl. The difficulty of exposing the 
anomalous vein below the diaphragm during 
cardiopulmonary bypass was solved by splitting 
the diaphragm from the anterior midline to the 
vena caval hiatus, which gave access to the in- 
ferior vena cava below the entrance of the "scim- 
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itar" vein. Distortion of the atrial septum did 
not compromise accurate resection of the fossa 
ovalis in creating an atrial septal defect when the 
anteromedial aspect of the fossa ovalis was in- 
cised as the first step. 


Case Report 

A 9-year-old, 28 kg American Papago Indian girl 
had been known to have a heart murmur since 
age 5. She was becoming more easily fatigued 
and experienced dyspnea and wheezing on ex- 
ertion. The right hemithorax was smaller than 
the left. The sternum was concave to the right. 
Right heart lift was marked. Rales and wheezes 
were present throughout both lung fields. A 
grade 3/6 systolic murmur and an early systolic 
ejection click were maximal in the second left 
interspace in the midclavicular line. A grade 1 
diastolic murmur was loudest at the cardiac 
apex. The second cardiac sound was widely split 
and fixed. A roentgenogram (Fig 1) revealed a 
shadow near the right heart border patho- 
gnomonic of scimitar syndrome [4]. A moderately 
hypoplastic right lung was associated with a 
mediastinal shift to the right. Pulmonary vascu- 
lar markings were accentuated throughout. An 
electrocardiogram disclosed normal sinus 
rhythm with a + 100-degree axis and a QRS 
duration of 0.07 second. There was an oxygen 
saturation increase from 68% in the lower in- 
ferior vena cava to 84% at the junction of the 
inferior vena cava and right atrium. Cinean- 
giography confirmed total anomalous right 
pulmonary venous drainage to the inferior vena 
cava below the diaphragm. No atrial septal de- 
fect could be demonstrated. 


Operative Procedure 

Operation was performed through a median 
sternotomy. The diaphragm was split from its 
anterior attachment down to the inferior vena 
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Fig 1. Small right lung, cardiac displacement to the 
right, and evidence of an anomalous venous shadow 
at the right cardiac border are all characteristics of 
the scimitar syndrome. | 


caval hiatus (Fig 2). The inferior vena cava below 
the diaphragm was separated from the sur- 
rounding tissue. A tape around the inferior vena 
cava was placed between the hepatic veins and 
the scimitar vein (Fig 3). Another tape was 
placed around the superior vena cava. 

Vena caval drainage catheters were inserted 
through the right atrial appendage. Arterial per- 
fusion was into the ascending aorta. After car- 
diopulmonary bypass was started, the heart was 
electrically fibrillated. A right atriotomy was ex- 
tended from the right atrial appendage caudad 
into the anterior aspect of the inferior vena cava 
to within 5 mm of the inferior vena caval cir- 
cumferential tape (see Fig 3). This atrial incision 
allowed adequate exposure of the anomalous 
pulmonary vein orifice in the inferior vena cava 
with the cannula in place and without interrup- 
tion of cardiopulmonary bypass. The fossa 
ovalis was then excised from the intact atrial 
septum. Excision of the fossa ovalis was begun 
at its anteromedial border. Accurate delineation 
of the distorted posterolateral aspect, where ab- 
sence of pulmonary venous juncture created an 


acute angle between the left atrium and the atrial 
septum, was then possible. A pericardial patch 
was used to construct a tunnel from the orifice of 
the anomalous pulmonary vein to the surgically 
created atrial septal defect (Fig 4). The pericar- 
dial patch was made somewhat bulbous to avoid 
undue resistance to the flow of pulmonary 
blood. The pulmonary venous tunnel occupied 
approximately two-fifths of the cross-sectional 
area of the inferior vena cava. The right atri- 
otomy was then closed with a continuous 4-0 
suture. 

The heart was defibrillated, and bypass was 
discontinued. The diaphragm was repaired 
with interrupted sutures. The median ster- 
notomy was closed in layers. The patient's post- 
operative course was uneventful. She was 
discharged on the tenth postoperative day. A 
315-year follow-up examination disclosed a 
normally active 12-year-old girl who had no car- 
diorespiratory complaints and had normal car- 
diac sounds. 


Comment 

Before the development of cardiopulmonary 
bypass, complete correction of anomalous in- 
ferior vena caval drainage of the right pulmo- 
nary veins was possible in only a few patients in 
whom peculiarities of the anatomy allowed 
reimplantation of the anomalous vein into the 
left atrium or in whom double insertion of the 
pulmonary venous drainage to both the left at- 
rium and the inferior vena cava could be cor- 
rected by simple ligation [1, 5, 8]. Cardiopulmo- 
nary bypass allowed repair with a patch tunnel 
graft in the right atrium to convey the pulmo- 
nary venous blood from the scimitar vein orifice 
through an atrial septal defect into the left at- 
rium [2, 3, 6, 7, 9-11]. 

The circumferential vena caval tape placed 
within the pericardium in conventional cardio- 
pulmonary bypass blocks access to the scim- 
itar vein orifice. Murphy and associates [6] 
used hypothermia and circulatory arrest with 
removal of the inferior vena caval catheter to 
gain exposure and a dry field during suture of 
the tunnel patch over the scimitar vein orifice 
in the inferior vena cava. Shumacker and co- 
workers [9] and Yonehiro and associates [10] 
circumvented the problem of exposure within 


269 How to Do It: Tobin, Anderson, and Arem: Correction of Scimitar Syndrome 


“ef — 
ie - . qM A 
"JA 7 - È 
i - 
v * 
3 Ey 
Bi . oe 


TR Vi z uy X ne 


Fig 2. The diaphragm has been incised, exposing the 
infradiaphragmatic inferior vena cava. 
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Fig 3. Acircumferential tape placed below the 
scimitar vein entrance allows exposure without 
removal of the inferior vena cava cannula. The fossa 
ovalis excision is begun at its anteromedical aspect. 
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Fig 4. A pericardial tunnel patch diverts pulmonary 
venous blood from the anomalous pulmonary vein 
through the fossa ovalis into the left atrium. 
the inferior vena caval lumen by transecting the 
anomalous vein and reimplanting it into the 
right atrium. They then placed the tunnel patch 
over the new right atrial vein orifice and an atrial 
septal defect. In patients in whom the scimitar 
vein enters the inferior vena cava above the 
diaphragm, a circumferential tape within the 
pericardial sac allows repair without interrup- 
tion of bypass or need for reimplantation [9, 11]. 
The technique presented allows tunneling of 
scimitar vein flow to the left atrium in all cases 
without the need of hypothermia and circula- 
tory arrest or reimplantation. The creation of an 
atrial septal defect in the distorted septal left 
atrial junction of scimitar syndrome is facilitated 
by first incising the anteromedial aspect of the 
fossa ovalis to better delineate the optimal pos- 
terolateral margin. 
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CASE REPORTS 


Horizontal Interventricular Septum 
in Congenital Heart Disease: Surgical Considerations 


John A. Waldhausen, M.D., William S. Pierce, M.D., 


and Victor Whitman, M.D. 


ABSTRACT A patient with complex congenital 
heart disease associated with a horizontal interven- 
tricular septum is described. In addition the ventri- 
cles were inverted, both great vessels arose from the 
left-sided right ventricle in the dextrotransposed po- 
sition, and he had a ventricular septal defect of the 
type usually seen in endocardial cushion defect. Cor- 
rection was performed using a Rastelli type proce- 
dure with good hemodynamic results. 


In normal hearts as well as those within the 
spectrum of transposition of the great arteries, 
the interventricular septum is usually either ver- 
tical or slightly angulated from the vertical 
plane. In recent years the entity of superoin- 
ferior position of the ventricles with horizontal 
interventricular septum has been recognized [1, 
2]. In all reported cases this ventricular arrange- 
ment has been associated with some form of 
transposition of the great arteries. The full spec- 
trum of defects associated with a horizontal in- 
terventricular septum and the surgical approach 
to these patients have yet to be determined. 
We present here a unique patient with a hori- 
zontal interventricular septum who underwent 
surgical repair. In addition to the horizontal sep- 
tum he had an endocardial cushion ventricular 
septal defect, ventricular inversion (L-loop), and 
dextrotransposition of the great arteries, both of 
which arose from the left-sided ventricle. 


An 11-year-old boy known to be cyanotic 
since early infancy had clinical findings sugges- 
tive of pulmonary vascular disease. His elec- 
trocardiogram showed left bundle-branch 
block, first-degree atrioventricular block, and 
left atrial hypertrophy. The chest roentgeno- 


From the Departments of Surgery and Pediatrics, The 
Pennsylvania State University College of Medicine and The 
Milton S. Hershey Medical Center, Hershey, PA. 


Accepted for publication Sept 15, 1976. 


Address reprint requests to Dr. Waldhausen, Department of 
Surgery, The Milton S. Hershey Medical Center, Hershey, 
PA 17033. 


271 


gram revealed moderate cardiomegaly with in- 
creased pulmonary arterial markings. He 
underwent cardiac catheterization, and it was 
determined that both the pulmonary artery and 
the aorta originated from the left-sided ventricle 
(Fig 1). The aorta arose medially and the pulmo- 
nary artery laterally away from the right-sided 
ventricle, the aorta being anterior to the pulmo- 
nary artery (dextrotransposition). A large, high 
ventricular septal defect was delineated as well. 
The right-sided ventricle (oxygen saturation, 
67%), which received the systemic venous 
blood by way of a normal right atrium, had the 
smooth appearance associated with an anatomi- 
cal left ventricle. The left-sided ventricle (oxygen 
saturation, 85%), which received the pulmonary 
venous blood through a normal left atrium, had 
the heavily trabeculated appearance of an 
anatomical right ventricle. Although the left- 
sided ventricle was somewhat to the left of the 
right-sided ventricle, their relationship was a 
superoinferior one, with the right-sided ven- 
tricle being located inferior and the left-sided 
ventricle lying superior. 

The catheterization data are shown in the Ta- 
ble. The patient had pulmonary hypertension, 
the pulmonary artery pressure being 100/60 
(mean, 75) mm Hg, compared with the systemic 
arterial pressure of 100/75 (mean, 85) mm Hg. 
The pulmonary vascular resistance was 0.62 of 
the systemic vascular resistance. 

When operation was performed to prevent 
progression of his pulmonary vascular disease, 
the ventricular septal defect found was that 
normally associated with a complete endocar- 
dial cushion defect. It was located posteriorly 
and beneath the septal leaflet of the atrioven- 
tricular valve (Fig 2). That valve had a mitral 
configuration and a cleft in the septal leaflet typ- 
ical of endocardial cushion defect. The ventricu- 
lar septal defect was closed through a right at- 
riotomy using a Dacron patch, sutures being 
placed well away from the rim (Fig3A). The cleft 
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Fig 1. Selective cineangiogram performed in (A) the 
anatomical left ventricle, which is contiguous with 

the right atrium, and (B) the right ventricle, which is 
contiguous with the left atrium. (A= aorta; P= 
pulmonary artery; V = ventricular septal defect; L = 
left ventricle; R= right ventricle.) 


in the septal leaflet was repaired with inter- 
rupted sutures through the atriotomy (Fig 3B). 
The pulmonary artery was oversewn, and an 18 
mm Hancock conduit with a porcine valve was 
anastomosed to the pulmonary artery distally. 
The proximal end of the conduit was sutured 
into the right ventriculotomy (Fig 4). Postopera- 
tively, the patient had a nodal rhythm that sub- 
sequently reverted to normal sinus rhythm. 
Six months after operation he was free of 
symptoms. At recent postoperative cardiac 
catheterization (see the Table), his pulmonary 


B 


artery pressure was 70/40 (mean, 52) mm Hg and 
the systemic artery pressure was 110/75 (mean, 
90) mm Hg. The pulmonary vascular resistance 
had fallen slightly to 0.5 of the systemic vascular 
resistance. Postoperative cardiac index was 
normal (3.4 L/min/m?). A 50 mm gradient across 
the prosthetic right ventricular outflow tract was 
measured, and there was an insignificant re- 
sidual intracardiac shunt (pulmonary/systemic 
blood flow ratio <1.2:1). The valved conduit 
was well visualized at postoperative cinean- 


giography (Fig 5). 


Comment 


Three patients with a horizontal interventricular 
septum have previously been reported [1, 2]. In 
all of them, and in our patient as well, the ventri- 
cles were inverted, but in the previously reported 


Preoperative and Postoperative Catheterization Data 


BENE. 


Sampling Preop % Preop Pressure Postop 9o Postop Pressure Flow and 

Site Saturation (mm Hg) Saturation (mm Hg) Resistance Values Preop Postop 
SVC 60 5 73 6 Q, (L/min/m?) 6.0 3.4 
RA 61 5 69 4 Q, (L/min/m?) 4.5 3.4 
RSV 67 100/5-10 69 110/6-8 R, (mm Hg/L/min/m?) 143 12.4 
LA 90 7 » PA wedge 10 R, (mm Hg/L/min/m’) 17.8 25.3 
LSV 85 100/5-10 92 (assumed) 110/2-12 R,/R, 0.62 0.5 
PV 96 8 96 T 

Ao 76 100/75 (85) 92 110/75 (90) 

PA P 100/60 (75) 73 70/40 (52) 


PA oo er e 


SVC = superior vena cava; RA = right atrium; RSV - right-sided ventricle; LA — left atrium; LSV = left-sided ventricle; PV = pulmonary vein; Ao = aorta; PA = 
pulmonary artery. 
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Fig 2. The heart was approached through a median 
sternotomy. Cardiopulmonary bypass was 
established, and a vertical right atriotomy was made 
(inset). The anterior leaflet of the mitral valve was 
found to be cleft. The large ventricular septal defect 


(VSD) was well visualized by retracting the mitral Fig 3. (A) The ventricular septal defect was closed 
valve. (PA = pulmonary artery; SVC — superior with a Dacron patch. Superiorly, sutures were 
vena cava; IVC- inferior vena cava.) placed through the base of the septal leaflet, while 


inferiorly felt-backed sutures were placed well away 
from the muscular rim. (B) The cleft leaflet was 
repaired with interrupted sutures. 
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Fig 4. A right ventriculotomy was performed in an 
area free of subvalvular apparatus (inset). The 
pulmonary artery (P A) was ligated, and a valved 
conduit was sutured to the side of the main 
pulmonary artery and then to the right 
ventriculotomy. (SVC = superior vena cava; IVC — 
inferior vena cava.) 


cases the great arteries exhibited levotransposi- 
tion. Furthermore, “criss-cross” flow, in which 
the right atrial blood enters the left-sided right 
ventricle and the left atrial blood enters the 
right-sided left ventricle, was found in 2 earlier 
patients [1]. This arrangement was ruled out in 
our patient by the higher saturation in the left- 
sided ventricle, the course of the catheter, and 
inspection at the time of operation. Repair was 
carried out in 1 of the reported patients by in- 
serting a patch to incorporate the aorta into the 
left-sided ventricle and the pulmonary artery 
into the right-sided ventricle. This was possible 
because of the left-sided position of the aorta, 
and it could not be done in our patient because 







Z 


of the dextroposition of the aorta, which necessi- 
tated a Rastelli procedure to correct the hemo- 
dynamic defect. 

A pressure gradient is frequently measured 
across a valved conduit of the type used here. In 
McGoon and associates’ [3] series, the degree of 
stenosis was not related to the ultimate prog- 
nosis. The postoperative gradient is higher in 
the patient presented here than in any of our 
other patients following insertion of this type of 
prosthesis, and this higher gradient is probably 
related to the unusual course of the graft. The fall 
in his pulmonary artery pressure postopera- 
tively is encouraging, although significant 
pulmonary artery hypertension remains. Con- 
sidering the patient's age and the level of his 
pulmonary hypertension preoperatively, this 
modest fall in pulmonary vascular resistance 
was to be expected [4]. Had his pulmonary vas- 
culature been protected by early operation, such 
as pulmonary artery banding or repair, the situ- 
ation might be different. The long-term prog- 
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Fig 5. Postoperative cineangiogram with injection 
into left ventricle, which is contiguous with the right 
atrium. The metal ring that provides support for the 
porcine valve is clearly seen. 


nosis for individuals with moderate pulmonary 
vascular disease with a postoperative fall in 
pulmonary artery pressure is still not completely 


clear. It appears, however, that the prognosis is 
better than if the patient is not operated on. 


The complete spectrum of patients with this 


type of ventricular arrangement and the surgical 
approach for repair remain to be delineated. 
However, the approach presented here or the 
one described by Kinsley and co-workers [2] 
appears appropriate for most patients with this 
anatomical picture. 
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Counterpulsation Catheter 


Fracture: An Unexpected Hazard 


Panayotis E. Karayannacos, M.D., 


Ivan L. Shapiro, M.D., Gerard S. Kakos, M.D., 


Shigeru Chino, M.D., James W. Kilman, M.D., and John S. Vasko, M.D. 


ABSTRACT This paper presents a previously un- 
recognized hazard associated with intraaortic balloon 
pumping: fracture of the catheter due to chemical 
damage by acetone at the time of removal. Common 
hospital chemicals such as acetone, ether, and Vi- 
Drape spray may damage the catheter. Contact be- 
tween these agents and polyurethane intraaortic bal- 
loon catheters should be avoided during dressing 
changes or repreparation of a sterile operative field. 
Isopropyl alcohol, Betadine, benzoin, and Cidex do 
not damage the catheter. 


Rewarding experimental hemodynamic studies 
and clinical results have led to the growing use 
of intraaortic balloon pumping for treatment of 
left ventricular failure [1, 3-5]. Although the 
number of patients treated with this modality 
has increased each year, the incidence of com- 
plications remains very low. This report con- 
cerns an adverse chemical reaction between the 
catheter and commonly available agents used to 
remove adhesive tape residues, a reaction which 
could prove disastrous in certain clinical situa- 
tions. 


A 51-year-old man with triple-vessel coronary 
artery disease suffered an acute myocardial in- 
farction followed by cardiac arrest while await- 
ing operation. Resuscitation efforts were begun 
immediately, and ventricular fibrillation was 
easily converted by countershock. Pharmacolog- 
ical support of his circulatory system with fluids 
and inotropic agents failed to maintain reason- 
able arterial pressure and cardiac output, and 
intraaortic balloon pumping was instituted 
without incident. 

Thirty-six hours later his condition was con- 
sidered stabilized, and the decision was made to 
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remove the balloon catheter. Acetone was used 
to facilitate removal of adhesive tapes from the 
skin and from around the catheter. To our sur- 
prise, the balloon catheter softened and frac- 
tured 3 cm from the skin incision (Figure). A 
clamp was immediately placed on the proximal 
stump of the catheter, and the catheter was 
withdrawn without difficulty. 


Comment 


Complications from the use of intraaortic bal- 
loon counterpulsation are infrequent and have 
consisted mainly of thrombus formation either 
around the balloon or catheter (or both) or in the 
ipsilateral femoral artery distal to the balloon [8, 
9]. Restricted arterial flow in the same vessels 
has been responsible for a number of vascular 
and neurological complications [2, 6]. One re- 
ported hazard is rupture of the balloon, result- 
ing in gas embolism [7]. Safety chambers now 
attached to most of the commercially available 
units have minimized this potential danger. 

After the counterpulsation balloon device is 
inserted, the catheter is usually sutured to the 
leg near the incision to prevent changes in its 
position. Additional sutures are placed around 
the catheter when a satisfactory position for the 
balloon is established. For greater security, 
adhesive tape may be placed on the dressings 
and the catheter. 

The removal of residual adhesive from an in- 
dwelling balloon catheter or from the surround- 
ing skin in order to prepare a sterile field would 
be desirable under such circumstances as: ex- 
ploration of the groin to control hemorrhage or 
to evacuate a hematoma; removal of the balloon 
and closure of the graft; repositioning of the 
balloon; or routine dressing changes in a patient 
requiring long-term augmentation. 

To exclude the possibility that the catheter in 
our patient was defective, six additional balloon 
catheters* from separate lots were tested with 


*Kindly supplied by Datascope Corp, Paramus, NJ. 
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Complete catheter fracture induced by acetone 
cleansing. 


various chemical agents commonly found in 
hospital operating rooms and intensive care 
nursing units. Observations were terminated 
after the catheter had been exposed to the chem- 
icals for five minutes at room temperature. In 
each case, acetone made the catheter swollen 
and brittle, so that a slight amount of torque 
caused fracture. In addition, both Vi-Drape 
spray and ether produced marked softening of 
all catheters. Cidex, Betadine, alcohol, and ben- 
zoin produced no acute change in either the 
stiffness or the durability of the catheter. 
Consequently, acetone and ether should be 
avoided when adhesive tape has been used. An 
alternative approach—excluding the taped seg- 
ment of the catheter by using sterile cloth or 
plastic drapes—may be preferable. While cathe- 


ter fracture at the time of removal produced no 
great hazard in this case, a similar occurrence 
during repositioning or dressing changes in a 
patient in unstable condition or dependent on a 
balloon catheter could prove fatal. 
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REVIEW OF RECENT BOOKS 


Thoracic and Cardiovascular Surgery 
with Related Pathology, 3rd Ed 

Edited by William W. L. Glenn, M.D., 
Averill A. Liebow, M.D., 

and Gustaf E. Lindskog, M.D. 

New York, Appleton-Century-Crofts, 1975 
1,345 pp, illustrated, $55.00 


Reviewed by Robert S. Litwak, M.D. 


It is always a pleasant task to review a skillfully writ- 
ten and informative book. The changes incorporated 
in the latest edition of a text that first appeared in 1953 
reflect the enormous growth during the past decade of 
pathophysiological information and management 
methods concerning thoracic and cardiovascular dis- 
ease. It is of interest that only 76 pages of the first 
edition were concerned with discussions of car- 
diovascular surgical problems, whereas the current 
edition devotes almost 700 pages to these matters. 

The book is logically organized, and a substantial 
amount of the text has been written by the three 
senior authors so that duplication has been mini- 
mized. A modest number of eminently qualified au- 
thorities have enriched the book with supplemental 
chapters. Material covered in earlier editions relating 
to general thoracic surgery has been either extensively 
revised or completely rewritten. State-of-the-art anal- 
ysis of diagnostic techniques such as transcervical or 
anterior mediastinoscopy and lung biopsy are lucidly 
presented. Clinical correlations are materially aided 
by the use of well-photographed pathological speci- 
mens and excellent photomicrographs. A new chapter 
dealing with anatomical and technical considerations 
in pulmonary resection has been added. The anti- 
biotic treatment of patients with pulmonary and atyp- 
ical forms of tuberculosis has been brought up to 
date. Improved understanding of the physiology 
of motility is emphasized in the section on the 
esophagus. An important and well-written new chap- 
ter concerns the pathophysiological problems accom- 
panying pulmonary embolism and current concepts 
of managing this problem. 

More than half of the third edition is devoted to 
cardiac surgery, and the format has been broadened 
substantially. Well-written chapters have been added 
to the section dealing with congenital heart disease 
to cover the diagnostic and management approaches 
employed in infants and children with cardiovascular 
disease and a thorough discussion of pulmonary 
vascular pathophysiological considerations. Com- 
prehensive discussions of current operative man- 
agement for a wide variety of congenital lesions are 
presented, including a number of the less commonly 
encountered defects such as single ventricle, persis- 
tent truncus arteriosus, the transposition complexes, 
and coronary artery anomalies, to mention a few. 
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The critical importance of cohesive and meticulous 
perioperative care in optimizing the survival of in- 
fants is recognized in a new chapter that reviews 
methods employed in caring for neonates undergoing 
palliative or corrective cardiac operations and the as- 
sociated problems. This chapter is preceded by a su- 
perb unifying discussion of preoperative and post- 
operative care, employing Kirklin's systems-analysis 
concepts. 

The chapters devoted to acquired cardiovascular 
disease are complete and are written with the insight 
and discernment of physicians of obvious broad ex- 
perience. Newer diagnostic approaches such as 
echocardiography are effectively integrated into the 
material. Comparisons of the "natural history" of un- 
operated and surgically managed cohorts make the 
discussions particularly valuable. Methods and re- 
sults of valve repair are clearly presented and 
analyzed, as are the discussions of valve replacement 
with currently used mechanical and biological pros- 
theses. 

Aneurysms of the heart and aorta are discussed in 
one chapter. Although it might have been better to 
include the ventricular aneurysm section in the su- 
perb new chapter on coronary artery disease, this 
small criticism is primarily one of organization, since 
the substance of the discussions is excellent. The 
complex and daily-expanding vistas of physiology 
and management of cardiac arrhythmias, heart block, 
and coronary artery disease are considered in three 
elegantly written chapters. Indications for and 
methods of operative intervention are surveyed and 
analyzed for angina pectoris, acute coronary insuffi- 
ciency, and myocardial infarction and its complica- 
tions. The ultimate approach to the therapy of termi- 
nal cardiac disease—heart transplantation—is care- 
fully reviewed in a chapter written by a pioneer in the 
field, Dr. Richard Lower. 

Two chapters on perfusion methods are well writ- 
ten and provide a solid basis for any medical student 
or physician to appreciate the complexities of 
mechanical cardiopulmonary support. The second of 
these chapters deals with various currently available 
methods of cardiac assist devices and assesses the 
present state of the art vis-à-vis cost/benefit relation- 
ships. 

According to the authors, “the aim of this third 
edition is to bring up to date, as far as possible, all 
matters relevant to the clinical manifestations, surgi- 
cal management and, where it is so often complemen- 
tary, medical management of most cardiothoracic le- 
sions." They have succeeded. The book is highly rec- 
ommended to all serious students of thoracic and 
cardiovascular disease. 
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APO New York, NY 


Sellers, Robert D. 
Omaha, NB 


Selman, Morris W. 
Toledo, OH 
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Selmonosky, Carlos A. 


Austell, GA 


Senderoff, Elliott 
Brooklyn, NY 


Sengupta, Amarendra 
Rochester, NY 


*Seo, Kyung Hwa 
Garden City, NY 


Seremetis, Michael G. 
Washington, DC 


*Sermier, Eustace G. 


Schenectady, NY 


*Serry, Cyrus 
Chicago, IL 


Servelle, Marceau 
Paris, France 


Sethi, Gulshan K. 
Asheville, NC 


Sethi, Rajindra S. 
Sherman Oaks, CA 


*Sewell, David H. 


Boston, MA 


Sewell, William H. 
Sayre, PA 


Shah, Hasmukhlal H. 
Dallas, TX 


Shammash, Jacob B. 
Springfield, MA 


*Shankar, Kuppe G. 


Sacramento, CA 


Shannon, James M. 
Salem, MA 


*Shariatzadeh, Ali N. 


Evanston, IL 


Shea, Joseph P. 
Bridgeport, CT 


Shek, John L. 
Saginaw, MI 


Shelby, James Stanford 


Shreveport, LA 


Shepard, Barclay M. 
Silver Spring, MD 


Shepard, Richard B. 
Birmingham, AL 


Sherafat, Mostafa 
Erie, PA 


Sherman, Paul H. 
Orlando, FL 


Shields, Earl Francis 
Akron, OH 


Shields, Thomas W. 
Chicago, IL 


*Shin, Choon S. 


Brooklyn, NY 


Shinn, William E. 
Stockton, CA 


*Shirkey, Albert L. 


Tulsa, OK 


Shirley, James H. 
Travis AFB, CA 


Shoor, Maurice N. 
Beverly Hills, CA 


Shumway, Norman E. 
Palo Alto, CA 


Siderius, Norman J. 
San Diego, CA 


Siderys, Harry 
Indianapolis, IN 


Siewers, Ralph D. 
Pittsburgh, PA 


Silbergleit, Allen 
Pontiac, MI 


Sills, Charles 
New Shrewsbury, NJ 


Silver, Arthur W. 
Arcadia, CA 


Simmons, Earl M. 
Montgomery, AL 


Simpson, William Ford 
Tuscaloosa, AL 


Singerman, Richard C. 
Lakewood, OH 


Sirak, Howard D. 
Columbus, OH 


Skinner, David B. 
Chicago, IL 


Sloan, Herbert 
Ann Arbor, MI 


Slovin, Alvin Jay 
Washington, DC 


Smeloff, Edward A. 
Sacramento, CA 


Smiley, Robert Hoyland 
Texas City, TX 


Smith, Edward P., Jr. 
North Redington Beach, 
FL 


Smith, Franklin R. 
Seattle, WA 


"Smith, Ralph C. 


Victoria, BC, Canada 


Smyth, Nicholas P. D. 
Washington, DC 


Snyder, David D. 
Oklahoma City, OK 


Snyder, Harold E. 
Jacksonville, FL 


Snyder, William A. 
Hayward, CA 


*Sokol, David M. 


Akron, OH 


Solomon, Leonard 
Bellmore, NY 


Somerndike, John Mason 
Orange, CA 


*Sommerhaug, Rolf G. 


Concord, CA 


Sori, Manuel R. 
Miami Beach, FL 


Spagna, Paschal Michael 
Philadelphia, PA 


Spear, Harold C. 
North Miami Beach, FL 
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Spencer, Frank C. 
New York, NY 


Spinazzola, Angelo J. 
Oak Lawn, IL 


Stabile, Jerome G. 
Bethlehem, PA 


Stallone, Robert John 
Oakland, CA 


Stanford, William 
Lackland AFB, TX 


Stansel, H. C., Jr. 
New Haven, CT 


Starek, Peter J. K. 
Chapel Hill, NC 


Stark, Jaroslav 
London, England 


Starkey, George W. B. 


Boston, MA 


Starr, Albert 
Portland, OR 


Staub, E. Wilson 
Pinehurst, NC 


Steedman, Robert A. 
Tustin, CA 


Stefanik, George 
Inglewood, CA 


Steiger, Zwi 
Allen Park, MI 


Steiner, Lyle E. 
Los Angeles, CA 


*Steinhoff, Neil G. 
Phoenix, AZ 


Stemmer, Edward A. 
Long Beach, CA 


Stephenson, Hugh E., Jr. 


Columbia, MO 


Stern, Harold N. 
New Haven, CT 


Sterns, L. P. 


Edmonton, Alta, Canada 


Stewart, Scott 
Rochester, NY 
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Stiegel, Donovan D. 
Moline, IL 


Stiles, Quentin R. 
Los Angeles, CA 


Stoney, William S., Jr. 


Nashville, TN 


Storer, John 


Cleveland Heights, OH 


*Storz, William J. 


Great Lakes, IL 


Stranahan, Allan 
Jacksonville, FL 


Streisand, Robert L. 
White Plains, NY 


Strevey, Tracy E., Jr. 
Balboa Heights, 
Canal Zone 


Stringer, Roger J. 
Inglewood, CA 


Subramanian, S. 
Buffalo, NY 


Subramanian, 
Valavanur A. 
New York, NY 


Sugg, Winfred L. 
Dallas, TX 


Sullenberger, John W. 


Tallahassee, FL 


Sutherland, R. D. 
Amarillo, TX 


*Sutton, John P. 
Columbia, SC 


Suzuki, Akio 
Tokyo, Japan 


Svanberg, Lawe E. 
Malmö, Sweden 


Swan, Kenneth G. 
Newark, N] 


Sweetman, William R. 


Portland, OR 


Swindell, Herbert V. 
Scott AFB, IL 


Symbas, Panagiotis N. 
Atlanta, GA 


Taber, Rodman E. 
Detroit, MI 


Taguchi, Kazumi 


Hiroshima, Japan 


Takaro, Timothy 
Asheville, NC 


Taormina, Frank E. 
Mount Clemens, MI 


Tarnay, Thomas J. 
Morgantown, WV 


Tate, Robert A. 
Austin, TX 


Tatooles, 
Constantine J. 
Chicago, IL 


Taylor, Frederick H. 
Charlatte, NC 


Taylor, Maynard F. 
Coral Gables, FL 


*Taylor, Paul C. 


Cleveland, OH 


Taylor, Robert L. 
Dayton, OH 


Taylor, Warren J. 
Winchester, MA 


Taylor, William W. 
Dallas, TX 


Tector, Alfred J. 
Milwaukee, WI 


Telmosse, Francois 
Montreal, Que, Canada 


*Temes, Gerald D. 


Louisville, KY 


Theodorides, Theodore 


Utrecht, Netherlands 


*Thiele, Johannes P. 


Dallas, TX 


Thomas, Arthur 
Norman 
San Francisco, CA 


Thomas, Clarence S., Jr. 
Nashville, TN 


Thomas, Gordon W. 
St. Anthony, Nfld, 
Canada 


*Thomas, Kenneth E. 
Atlanta, GA 


Thomas, Malcolm J., Jr. 
Lubbock, TX 


Thomas, Paul A., Jr. 
Chicago, IL 


Thomas, Robert C. 
Kenmore, NY 


Thomas, Thomas V. 
Kansas City, KS 


Thompson, J. William 
Long Beach, CA 


Thoms, Norman W. 
Topeka, KA 


Thomson, Norman B., 


jr. 
Roslyn, NY 


Thrower, Wendell B. 
Fayetteville, AR 


Thurer, Richard J. 
Miami, FL 


Timmes, Joseph J. 
Jersey City, NJ 


Tirschwell, Perry 
Rockville Centre, NY 


Tobias, Joel A. 
Gainesville, FL 


Tocker, Alfred M. 
Wichita, KS 


Togut, Allen J. 
Brockton, MA 


Tomatis, Luis A. 
Grand Rapids, MI 


Toole, Allan L. 
New Haven, CT 
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Traad, Ernest A. 
Miami, FL 


Trapp, William G. 
Vancouver, BC, Canada 


Travisano, Frank J. 
Harrisburg, PA 


Treasure, Robert L. 
Fort Sam Houston, TX 


Trinkle, T. Kent 
San Antonio, TX 


Trout, Robert G. 
Philadelphia, PA 


Trumbo, Robert B. 
Orlando, FL 


Trummer, Max J. 
san Diego, CA 


Trusler, George A. 
Toronto, Ont, Canada 


Tsai, Eugene 
Oak Lawn, IL 


Tsuji, Harold K. 
Thousand Oaks, CA 


Tucker, Bernard L. 
Los Angeles, CA 


Turk, L. Newton, III 
Atlanta, GA 


Turner, Harvey Allen 
Huntington, NY 


Turney, Stephen Z. 
Baltimore, MD 


Tyers, G. Frank O. 
Hershey, PA 


"Tyler, Henry B. 
Jackson, MS 


Ullyot, Daniel Joseph 
San Francisco, CA 


*Umstott, Charles E. 
Newport. News, VA 


Urschel, Harold C., Jr. 
Dallas, TX 


Utley, Joe R. 
Lexington, KY 
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Vaghei, Reza 
Martinsburg, WV 


Van Der Schaar, Peter J. 


Lierop, Netherlands 


van der Woude, Rients 
Newburgh, NY 


Van De Water, 
Joseph M. 
Providence, RI 


Vanecko, Robert M. 
Chicago, IL 


van Fleit, William E. 
South Bend, IN 


van Heeckeren, Daniel W. 


Cleveland, OH 


Vannix, Robert S. 
Glendale, CA 


Vanstrom, Neal R. 
Los Angeles, CA 


Vasko, John S. 
Columbus, OH 


Vathayanon, Sathaporn 
Fresno, CA 


Vaughan, Robert H. 
Columbus, GA 


Vaughn, Cecil C. 
Phoenix, AZ 


Veith, Frank J. 
Bronx, NY 


*Venerose, Robert 
Brooklyn, NY 


Verska, Joseph J. 
Glendale. CA 


Verzosa, Eduardo S. 
Arlington, TX 


Vibul, Santi 
Evansville, IN 


Vidne, Bernardo Alex 
Petah Tiqva, Israel 


*Vijayanagar, Ragha- 
vendra - 
Tampa, FL 


Villavicencio, J. Leonel 
Mexico City, Mexico 


von Hippel, Arndt 
Anchorage, AK 


Vontz, Frederick K. 
Jacksonville, FL 


Wada, Juro 
Sapporo, Japan 


Wagner, Louis J. 


. Franklin, PA 


Wagner, Robert B. 
Rockville, MD 


Waldhausen, John A. 
Hershey, PA 


Walker, George R. 
Sudbury, Ont, Canada 


Walker, James H. 
Charleston, WV 


*Walker, Olyn M. 
San Antonio, TX 


Wall, Mark H. 
Santa Fe, NM 


Wallace, Herbert W. 
Philadelphia, PA 


Wallsh, Eugene 
New York, NY 


Walske, Benedict R. 
Gilbert, AZ 


Walstad, Paul M. 
Harlan, KY 


Waltz, Charles A. 
Harvey, LA 


Warden, Herbert E. 
Morgantown, WV 


Ware, George William 
Silver Spring, MD 


Wareham, Ellsworth E. 
Loma Linda, CA 


Warren, Sherwyn E. 
Park Ridge, IL 


Washor, Harry 
Brooklyn, NY 


Waterston, David J. 
London, England 


Watson, Raymond R. 
Milwaukee, WI 


Webb, Watts R. 
Syracuse, NY 


Weber, Robert D. 
Rockford, IL 


Webster, James 
Weldon, Jr. 
Salt Lake City, UT 


*Wechsler, Andrew $. 
Durham, NC 


Weinberg, Milton, Jr. 
Chicago, IL 


Weiner, Robert S. 
Rochester, NY 


Weintraub, Ronald M. 
Boston, MA 


Weisel, Wilson 
Milwaukee, WI 


Weissberg, Dov 
Beer Yaacov, Israel 


*Weisz, Daniel 
New. Hyde Park, NY 


Weldon, Clarence S. 
St. Louis, MO 


Wellons, Harry A., Jr. 
Charlottesville, VA 


Wells, Van Henry 
Memphis, TN 


Wesolowski, Sigmund A. 


Garden City, NY 


Wheat, Myron W., Jr. 
Largo, FL 


White, Jules 
Dayton, OH 


White, Manuel C. E. 
Spokane, WA 


White, Richard L. 
Portland, ME 
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Whitsell, John C., H 
New York, NY 


Wilcox, Benson R. 
Chapel Hill, NC 


Wilder, Robert J. 
Baltimore, MD 


Wildstein, Gilbert 
Atlanta, GA 


Williams, Carl L. 
Fort Smith, AR 


Williams, G. Doyne 
Little Rock, AR 


Williams, Kirkley R. 
Bryn Mawr, PA 


Williams, Marion J. 
New Orleans, LA 


Williams, Robert D. 
Kansas City, MO 


*Williams, Thomas E., Jr. 


Columbus, OH 


Wilson, George L. 
New Haven, CT 


Wilson, Hugh E., III 
Dallas, TX 


Wilson, James A. S. 
Montreal, Que, Canada 


Wilson, Louie C. 
Mobile, AL 


Wilson, Robert Francis 
Detroit, MI 


Senior Members 


Alonso- Vial, Armando 
Santiago, Cnile 


Bailey, Charles P. 
New York, NY 


Barkley, Howard T. 
Houston, TX 


Belsey, Ronald 
Bristol, England 


Blades, Brian B. 
Washington, DC 
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Winn, Dean F., Jr. 
Woodland, CA 


Wisoff, B. George 
New Hyde Park, NY 


Wittenstein, George J. 
Santa Barbara, CA 


Wolf, Rodney Y. 
Memphis, TN 


*Wolfe, Walter G. 
Durham, NC 


Wolff, William I. 
New York, NY 


Wood, Newell E. 
Saratoga, CA 


Wood, Richard E. 
Dallas, TX 


Woods, Leon P. 
Fort Smith, AR 


Woodson, Riley Donald 


Toledo, OH 


Worman, Leonard W. 
Milwaukee, WI 


Wright, John Saxon 
Little Bay, NSW, 
Australia 


Wright, Philip W. 
Long Beach, CA 


Wright, Robert M. 
Houston, TX 


Blodgett, James B. 
Royal Oak, MI 


Blome, W. Nelson 
Rockford, IL 


Bloomberg, Allen E. 
Bronx, NY 


Bressler, Sydney 
New York, NY 


Brewer, Lyman A., III 
Los Angeles, CA 


Wu, Chang You 
North Miami Beach, FL 


Wu, Yenching 
Akron, OH 


*Wukasch, Don C. 


Houston, TX 


Wychulis, Adam R. 
Newark, NJ 


Yahr, William Zachary 
Miami Beach, FL 


Yashar, James J. 
Providence, RI 


*Yashar, John 
Providence, RI 


*Yeager. Rodrick M. 
Shreveport, LA 


Yee, James 
San Francisco, CA 


Yeh, Jui-ting Thomas 
Savannah, GA 


*Yip, Luke Chor-Kung 


Allentown, PA 


Yore, Richard W. 
St. Louis, MO 


Youmans, C. Roger, Jr. 
Texas City, TX 


Young, Ward 
Van Buren, Jr. 
Lorain, OH 


Brown, Robert K. 
Denver, CO 


Buckingham, 
William W. 
Kansas City, MO 


Buckles, Maurice G. 
Columbus, OH 


Bugden, Walter F. 
Syracuse, NY 


Burford, Thomas H. 
St. Louis, MO | 


Young, W. Glenn, Jr. 
Durham, NC 


Young, William P. 
Madison, WI 


Yu, Peter Shu-Kuen 
Huntsville, AL 


Zajtchuk, Russ 
Denver, CO 


Zamora, Romeo D. 
Quezon City, 
Philippines 


Zanger, Louis C. C. 
San Jose, CA 


Zaroff, Lawrence I. 
Rochester, NY 


Zerbi, Paul G. 
Warren, OH 


Zimberg, Yale H. 
Richmond, VA 


Zimmerman, Jacob 
Ramat Gan, Israel 


Zuber, William F. 
Ventura, CA 


Zubiate, Pablo 
Los Angeles, CA 


Zuhdi, Nazih 
Oklahoma City, OK 


Zumbro, George L. 
Augusta, GA 


Carr, Duane 
Memphis, TN 


Cope, J. Hallam 
Oakland, CA 


Cotton, Bert H, 
Pasadena, CA 


Curreri, Anthony R. 
Madison, WI 


Cutler, Preston R. 
salt Lake City, UT 
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Dailey, James E. 
Weslaco, TX 


Davis, W. Burford 
Louisville, KY 


Day, J. Claude 
Detroit, MI 


Dodrill, Forest D. 
Detroit, MI 


Drash, Everett C. 
North Garden, VA 


Dugan, David J. 
Oakland, CA 


Evans, Byron H. 
Fresno, CA 


Fischer, Walter W. 
New York, NY 


Gerbode, Frank 
San Francisco, CA 


Goldman, Alfred 
Palm Springs, CA 


Harken, Dwight E. 
Boston, MA 


Harter, John 5. 
Louisville, KY 


Hughes, Felix A., Jr. 
Memphis, TN 


Deceased Members 


Ardekani, Rostam G. 
Gourin, Anatole 


Harp, Robert A. 


Iglesias, Ernesto R. 
Mount Clemens, MI 


Johnson, Elgie K. 
Port Washington, NY 


Kay, Earle B. 
Cleveland, OH 


Keeley, John L. 
Hines, IL 


King, Richard 
Atlanta, GA 


Kingsbury, 
Lawrence H. 
Orlando, FL 


Klassen, Karl P. 
Columbus, OH 


Lam, Conrad R. 
Detroit, MI 


Lowell, Lawrence M. 
Portland, OR 


Lucido, Joseph L. 
St. Louis, MO 


Maier, Herbert C. 
New York, NY 


McCall, Robert E., Jr. 


Columbia, SC 


Iyengar, S. R. Krishna 


Jones, John C. 


Klinger, Paul J. 


Melick, D. W. 
Tucson, AZ 


Mendelsohn, Harvey, Jr. 


Cleveland, OH 


Michelson, Elliott 
Baltimore, MD 


Olson, Clarence 
Seattle, WA 


Overholt, Richard H. 


Boston, MA 


Parr, Luther H. 
Houston, TX 


Phillips, Walter L. 
New Hyde Park, NY 


Poppe, J. Karl 
Portland, OR 


Read, C. Thomas 
Sun City, AZ 


Robinson, Joe S. 
Macon, GA 


Rumel, William R. 
salt Lake City, UT 


Sakakibara, Shigeru 
Tokyo, Japan 


Salyer, John M. 
Orange, CA 


Ludington, Louis 
Goodrich 


O’Connor, Joseph P. 


Samson, Paul C. 
Piedmont, CA 


Sanborn, Earl B. 
Kenilworth, IL 


Sarot, Irving A. 
New York, NY 


Schmidt, Walter R. 
Minneapolis, MN 


Shaw, Robert R. 
Dallas, TX 


Skinner, Edward F. 
Memphis, TN 


Sommer, 

George N. J., Jr. 
Trenton, NJ 
Strieder, John W. 


Newton Lower Falls, 
MA 


Strug, Lawrence H. 
New Orleans, LA 


Warden, Horace D. 
San Diego, CA 


Waterman, David H. 
Knoxville, TN 


Woods, Francis M. 
Jaffrey Center, NH 


Shiner, Irving S. 


Thompson, John V. 
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~ PROCEDURES 
IN VASCULAR 
SURGERY 


By Chilton Crane, M.D., and Richard Warren, M.D. 
Both of Harvard Medical School, Boston 


THERE IS NO BOOK QUITE LIKE THIS ONE, 
AS THESE COMMENTS ON THE FIRST EDITION ATTEST: 


". .. can be highly recommended to all sur- 
geons who are interested in vascular surgery." 
— Journal of the International College of 
Surgeons 


"...unique in the field of vascular surgery, 
and in my opinion is an outstanding piece of 
work." — Henry H. Faxon, M.D., VA Hospital, 
Boston 


"^. .. highly recommended... written by an 
astute expert." — The New Physician 


now available- 
the second edition 


In its first edition, published over fifteen years ago, 
PROCEDURES IN VASCULAR SURGERY quickly 
became the definitive reference for all vascular spe- 
cialists. Now extensively revised and updated for 
its second edition, this elegant atlas presents the 
best and most current vascular surgical techniques. 


The objectives of each operation, indications and 
contraindications, preparation of the patient, the 
operative technique, and possible complications 
and their management are described. Large, detailed 
drawings — in most cases only one to a page — 
accompany the text. 


An essential and frequently consulted reference, 
PROCEDURES IN VASCULAR SURGERY, 2nd Edition, 
is a book all vascular and cardiovascular surgeons 
will want to own. Order your copy on 30-day 
approval by filling in and mailing the order form 
below. 


206 pages, illustrated. #160148, $18.50 


ORDER FORM / JUST CLIP AND MAIL 


Little, Brown and Company * Medical Division * 
34 Beacon Street * Boston, Massachusetts 02106 











Send me copies of Crane & Warren: PROCEDURES IN 
VASCULAR SURGERY, 2nd Edition (#160148) ..... $18.50 
[] Check enclosed. [] Bill me. 

NAME 

STREET 

CITY STATE/ZIP 


CLASSIFIED ADS 


Advertisements for positions wanted and positions avail- 
able should be no more than 50 words in length and must 
relate only to situations in the thoracic and cardiovascular 
surgical specialties. All ads are subject to the approval of the 
Editorial Board, and material deemed inappropriate for pub- 
lication in The Annals will be rejected. Ads are published 
monthly and run for three-month sequences. There is no 
charge to the advertiser. 

Please submit full information with each ad, including 
name, address, and telephone number of contact person. If 
anonymity is desired, please indicate this at the time of 
submission and a code number will be assigned to your ad. 
All responses received will remain confidential in The Annals 
Editorial Office and will be conveyed to the advertiser 
shortly after receipt. 

Ads must be submitted no later than eight weeks prior to 
the publication month of the designated issue. Send to: 


Herbert Sloan, M.D. 

Editor, The Annals of Thoracic Surgery 
C-7173 University Hospital 

Ann Arbor, MI 48109 


SITUATIONS WANTED 


a — M ——— ———— 


Cardiovascular surgeon, 38, married, double Board- 
certified, four years private practice experience, seeks reloca- 
tion. 


Please respond to W-31, The Annals of Thoracic Surgery, 
C-7173 University Hospital, Ann Arbor, MI 48109. 


ee 
Cardiovascular surgeon, 30, married, desires position with 
cardiac or thoracic surgery group. Diplomate, National 
Board of Medical Examiners, completing accredited car- 
diothoracic surgical residency in July, 1977, with concen- 
trated experience in coronary artery and valve surgery. 


Please respond to W-32, The Annals of Thoracic Surgery, 
C-7173 University Hospital, Ann Arbor, MI 48109. 


————— P ————— M — ——À 


Cardiovascular surgeon completing university training 
June, 1977, desires academic appointment to pursue inter- 
ests in adult and pediatric cardiac surgery and cardiovascu- 
lar research. 


Please respond to Charles D. Campbell, M.D., Department 
of Surgery, 1084 Scaife Hall, Pittsburgh, PA 15261; tel (412) 
624-2677. 


——— Á——Áá———— —— — — —"———MÓ 


Thoracic, vascular and general surgeon, Canadian 
university-trained, FRCS(C), certified American Board of 
Surgery, now spending additional year in England to further 
thoracic training, seeks challenging position. Have FLEX, 
available Summer 1977. 


Please respond to W-34, The Annals of Thoracic Surgery, 
C-7173 University Hospital, Ann Arbor, MI 48109. 


ne 
Thoracic and cardiovascular surgeon, 35, completing resi- 
dency in June, 1977 at large university center, desires posi- 
tion in cardiovascular and thoracic surgery. Will consider all 
geographical locations. Board certified in general surgery. 


Please respond to W-35, The Annals of Thoracic Surgery, 
C-7173 University Hospital, Ann Arbor, MI 48109. 


a 


A-38 


ae 


Board certified thoracic surgeon, 36, with fellowship in car- 
diac surgery, seeks a position in cardiac surgery group. 
Available July, 1977. 


Please respond to W-36, The Annals of Thoracic Surgery, 
C-7173 University Hospital, Ann Arbor, MI 48109. 


Physician associate, 29, B.A., B.5., in second year of Emory 
University program seeks challenging position with busy 
thoracic/cardiovascular surgeon to begin December, 1977. 
OR experience 11 years, last 2 in open-heart surgery, U.S. 
Navy trained. 


Please respond to W-37, The Annals of Thoracic Surgery, 
C-7173 University Hospital, Ann Arbor, MI 48109. 


Thoracic and cardiac surgeon, currently staff member at 
large university medical center, seeks comparable position 
in academic surgery. Broad spectrum of interests and experi- 
ence. 


Please respond to W-38, The Annals of Thoracic Surgery, 
C-7173 University Hospital, Ann Arbor, MI 48109. 


Thoracic and cardiovascular surgeon, 43, married, seven 
years experience in cardiac, thoracic and vascular surgery, 
ABS and ABTS certification, FACS, would like to join estab- 
lished group or build new practice. Available March, 1977. 


Please respond to W-39, The Annals of Thoracic Surgery, 
C-7173 University Hospital, Ann Arbor, MI 48109. 


Thoracic and cardiovascular surgeon holding academic posi- 
tion in university hospital and medical school wishes to 
relocate in Southeast. Prefer private practice with active 
adult open-heart surgery. 


Please respond to W-40, The Annals of Thoracic Surgery, 
C-7173 University Hospital, Ann Arbor, MI 48109. 


SITUATIONS AVAILABLE 


LT 


Extracorporeal Membrane Oxygenator (ECMO) Research 
Fellowship available, University of California, Irvine. Op- 
portunity for lab and clinical experience in all aspects of 
ECMO. Responsibility for management of ECMO patients. 
Pulmonary or neonatal care experience required. Begin July, 
1977. 


Apply to Robert H. Bartlett, M.D., Associate Professor of 
Surgery, University of California Irvine Medical Center, 101 
City Dr, South, Orange, CA 92668. 


Thoracic surgeon wanted for Wisconsin community estab- 
lished group practice. Outstanding income and benefits, all 
negotiable. Truly a 4-season “Shangri-la.” Easy-to-reach 
academic environment, superb housing and schools. 


Write to Mr. Paul D. Switzer, President, World Wide Health 
and Education Foundation, 1271 Avenue of the Americas, 
New York, NY 10020. 


————M—MÓ M ————— —— ————Ü 


Thoracic and cardiovascular surgery fellowship positions 
available beginning both January and July, 1977, on active 
thoracic and cardiovascular surgical service in University of 
Pennsylvania Hospital. Applicants must have general surgi- 
cal experience and be capable of senior fellow respon- 
sibilities. 

Please respond to A-7, The Annals of Thoracic Surgery, 
C-7173 University Hospital, Ann Arbor, MI 48109. 


Board-eligible thoracic surgeon wanted to join incorporated 
practice of thoracic surgery in the Boston area. Full fringe 
benefits. 


Send curriculum vitae to A-8, The Annals of Thoracic 
Surgery, C-7173 University Hospital, Ann Arbor, 
MI 48109. 


Urban group in Northeast wants associate 35 or under with 
double Boards or eligibility. Practice limited to thoracic and 
cardiovascular surgery. Currently doing approximately 
1,000 procedures annually, large volume chest and 
peripheral vascular, two or three pump cases weekly, mostly 
coronary bypass. 


Please respond to A-9, The Annals of Thoracic Surgery, 
C-7173 University Hospital, Ann Arbor, MI 48109. 


Cardiothoracic surgeon with strong interest in research and 
teaching wanted to fill full-time position at university 
center. Education should include mathematics, engineering 
or both, as well as medicine. Instructor-assistant professor 
level appointment, depending upon experience and educa- 
tion. 


Please respond to A-10, The Annals of Thoracic Surgery, 
C-7173 University Hospital, Ann Arbor, MI 48109. 


Cardiothoracic surgeon/intensivist with research interests 
wanted by medical school affiliated hospital, full-time. Re- 
sponsibility for clinical investigation focused on assisted 
circulation. Strong physiology background desirable. Mul- 
tidisciplinary group with excellent clinical and laboratory 
facilities. 


Send curriculum vitae to Adrian Kantrowitz, M.D., Depart- 
ment of Cardiovascular/Thoracic Surgery, Sinai Hospital, 
6767 W Outer Dr, Detroit MI 48235. 


Cardiovascular surgeon wanted. Excellent postresidency 
opportunity. One year appointment to assist chairman with 
departmental and patient care responsibilities. Active 
open-heart and research program. Board certification or 
eligibility required. 


Send curriculum vitae to A-12, The Annals of Thoracic 
Surgery, C-7173 University Hospital, Ann Arbor, 
MI 48109. 


Thoracic, arterial vascular, and pacemaker surgeon seeks 
associate leading to partnership in suburb of Mid-Atlantic 
, metropolitan area. University affiliated community hospital 
noted for excellence. No open-heart or coronary artery 
surgery at present. 


Send curriculum vitae to A-13, The Annals of Thoracic 
Surgery, C-7173 University Hospital, Ann Arbor, 
MI 48109. 





Thoracic-cardiovascular surgeon wanted for faculty posi- 
tion, midwestern university, assistant professor rank. Begin 
July 1, 1977. Teaching, research, patient care. Equal oppor- 
tunity affirmative action employer. 


Please respond to A-14, The Annals of Thoracic Surgery, 
C-7173 University Hospital, Ann Arbor, MI 48109. 





A-39 


Board certified or board eligible thoracic surgeon wanted to 
join two others at a multi-hospital practice in New York City 
area. Open-heart surgery available, although limited. 


Send curriculum vitae to A-15, The Annals of Thoracic 
Surgery, C-7173 University Hospital, Ann Arbor, 
MI 48109. 
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Your Heart Association 


can help 
you 


help your 
patients 


Contributed by the Publisher 


Your patients and their families might have questions about the 
heart and blood vessel diseases. Your Heart Association has 
prepared a variety of pamphlets to assist you in answering their 
questions in simple non-technical language. 


Produced under the guidance of leading cardiovascular spe- 
cialists, these pamphlets deal with such subjects as heart attack, 
stroke, hypertension, rheumatic fever, congestive failure, inborn 
heart defects, varicose veins and other disorders. There are also 
pamphlets advising on risk factors related to heart attack. 


Booklets on therapeutic sodium-restricted or cholesterol-lower- 
ing diets are also available on a physician's prescription only. 


Ask your local Heart Association for a catalogue listing all these 
free materials and order a supply. 


American Heart 
Association 


44 EAST 23rd ST., NEW YORK, N.Y. 10010 





Chest Drainage... 
Safe and Simple 


Simplifies chest drainage procedures while 

providing safety features for the 

patient not found even in highly 

complex and expensive units. S £ 
9 


: Prevents progressive j 
resistance to drainage. 7 


- Eliminates / 
foaming problem. 


- Allows early 
unassisted 
ambulation 
of patient. 


- For additional information contact 
your Sherwood representative 


or write Dept. B.E. , 





ANTISEPTIC 
SECURITY 


in scrubbing and 
prepping 


For surgeons, nurses and patients 
the prompt, broad-spectrum action 
of BETADINE Microbicides 
provides topical antiseptic security. 


BETADINE Surgical Scrub, for 
scrubbing by the surgical team and 
for optimal skin degerming in 
prepping the patient... promptly 
achieves full microbicidal effect with 
each usage... (in the rare instance 
of local irritation or sensitivity, 
discontinue use in the individual). 


BETADINE Solution or BETADINE 
Aerosol Spray, to enhance antisepsis 

in prepping after initial use of 
BETADINE Surgical Scrub. BETADINE 
Solution and BETADINE Aerosol Spray 
are film-forming...active inthe presence 
of blood, pus and serum...help 
maintain postoperative antisepsis when 
applied to incisions. 








Purdue Frederick 


© COPYRIGHT 1975, THE PURDUE FREDERICK COMPANY 
NORWALK, CONN. 06856 A7982 165175 


BETADINE 
Microbicides : 


Foremost documented 4b 
broad-spectrum Neen 
topical microbicides 
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where compromise 
is out of the question 


When patient safety is of prime concern, 
as it is at Bentley Laboratories, there 

is no room for compromise. That's why, 
at Bentley, we take pride in the total 
production of Bentley tubing. Every 
step, from extrusion through final 
sterilization is completed at our facilities 
in Irvine, California. 

The highest levels of quality control, 
independent laboratory testing. strict 
adherence to manufacturing techniques, 
extreme care in product preparation 
and packaging-all characterize our 
efforts to provide the finest tubing 
available for use during extracorporeal 
circulation. 

Currently, over 80% of Bentley 
“Implant (| El Tested" tubing is used in 
Custom Tube Pacs. These convenient 
packages, preassembled to customer 
specifications also contain component 
parts such as Bypass Blood Filters, Gas 
Filters and Connectors. By combining 
the desired components with required 
tubing lengths, a complete perfusion 
system is formed, sterile-packed in a 
disposable tray- ready for instant use. 

Bentley Custom Tube Pacs reduce 
inventory requirements, eliminate 





materials waste, simplify patient billing 
and provide excellent operating room 
technique. They can be assembled in any 
combination to meet your individual needs. . 
Send for your Bentley *Implant 
Tested" Tubing brochure which describes 
in detail the most complete selection of 
disposable blood circuit components 
available. In addition, it tells how to 
specify your own Custom Tube Pac. 
If you have an immediate tubing require- 
ment, contact your Bentley representative. 


*U.S.P. Class VI Plastics Report available on request. 


BENTLEY LABORATORIES, INC. 
17502 Armstrong Avenue 
Irvine, California 92705 

(714) 546-8020 





Custom lube Pacs 


Alphanumeric display 
of patient and pump status 
utilizing two micro-computers. 










INTRA-AORTIC BALLOON PUMP Slide controls 

+ for proper timing. 
Three-color 

wave form scope 
simplifies monitoring 
with increased 
information. 





Ez | v | ne * è Simplified controls 
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continuing engineering 
and research. 





Optional stripchart records 2 
arterial pressure, ECG or 
continuous on-line cardiac output. 





Thenew - 
AVCO intra-aortic 
balloon pump... 


sophisticated simplicity 


with the exclusive AVCOTHANE® Tri-Segment!™ Balloon, the most 

widely used in the world, (over 11,000 cases). Advanced technology simpli- 

fies the use of IABP counter-pulsation—a major advance in cardiac instru- 

mentation.Redundant safety features provide for quiet trouble-free operation 

— with minimum attention and greater patient safety. 

Your request for demonstrations in clinical or experimental setting, are a 
sincerely encouraged. 
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PROLENE suture continues to prove its clinically important 
qualities and characteristics} Monofilament smoothness, 
strength, pliability, knot sedurity and resistance to 
fatigue-induced fracture. Inert PROLENE suture induces 

- only a minimal tissue reac on and does not harbor bacteria. 
PROLENE suture retains # vivo tensile strength after 


_ prolonged implantation even in the presence of infection. 


ETHICON 


PROLENE* Polypropylene Nonabsorbable Surgical Suture WITH ATRALEASE* CONTROL RELEASE* Needle differs from U.S.P. only in needle attachment 
limits. INDICATIONS — PROLENE Polypropylene Suture may be used wherever a nonabsorbable surgical suture is recommended. CONTRAINDICATIONS — 
None known. WARNINGS — ATRALEASE CONTROL RELEASE needle sutures should not be resterilized by steam autoclave as it may affect needle pull-off. 
PRECAUTIONS — As with other synthetic sutures, knot Ws Pru the standard surgical technic of flat and square ties, with additional throws if indicated by 
Y circumstance and experience of the operator. ADVER EACTIONS — Transitory local inflammatory reactions have been reported. SUPPLIED — 
A LEASE CONTROL RELEASE needle sutures are available in pigmented and clear sutures, sizes 2 thru 4/0. See package insert for full information. 


* Trademark > © ETHICON, INC. 1976 
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Shiley, an integral member 
of the open heart team. 


hui. 
por 


The universal standard 
for valvular replacement. 


The Bjórk-Shiley cardiac valve prosthesis, now in 

its 9th year, is supported by a wealth of clinical 
evidence that verifies the quality of its 

performance. For an update on the experience 

with over 125,000 mitral and aortic valves, 

please contact your Shiley technical / 
representative or call: 


= Shiley Laboratories, Inc. 
q i e 17600 Gillette Avenue 
Irvine, California 92714 





or excellence in 
cardiopulmonary perfusion. 


Shiley oxygenators are designed to accomplish physi- 
ologic gas transfer while maintaining an absolute 
minimum of blood and gas contact. Gas to blood flow 
ratios as low as 0.3:1 and consistently lower than 1:1 are 
obtained by employing a Tegraglas* Sparger and an open 
cell sponge in the gas transfer column, creating a range 
of bubble sizes for highly efficient gas transfer (A). 


The Shiley venous side heat exchanger minimizes 
release of gas emboli into the blood during rewarming 
procedures by accomplishing heat transfer prior to com- 
plete oxygen saturation. Shiley’s heat exchanger is the 
only integral unit available which employs a one piece 
aluminum coil with no water to blood seals. The coil is 
pressure tested to 120 PSI —a maximum water inlet 
pressure of 60 PSI is recommended (B). Other features 


olhe Shiley S-100 design are the low priming volumes whi dic 
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this journal. Send manuscripts preferably by certified or registered mail to Herbert Sloan, M.D., 
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LITHIUM 
PACEMAKER 
WORTHY 

OF THE 
MEDIRONIC 
NAME. 


performance potential of 
Medtronic’s exclusive lithium power 
source with Medtronic’s own 
advanced circuitry. That means its a 
pacemaker that provides essential 
performance features no other 
lithium pacemaker can offer. 


Constant Rate... 

a Medtronic Exclusive 

A constant rate for the service life of 
the Xyrel pacemaker provides a 
stable and assuring pacing rate for 
your patients; however, once the 
voltage depletes to a predetermined 
but safe level, a gradual rate 
decrease occurs to communicate 
the need for pacemaker 
replacement. 


Constant Energy... 

another Medtronic Exclusive 

A measured gradual increase in 
pulse width (pulse duration) provides 


See next page for disclosure statement. 


heart as power source voltage 
decreases. Energy to provide 
stimulation is almost the same when 
replacement is indicated as it is the 
first day of implant. 


The Xyrel pacemaker also offers 
many other features: 


¢ Small size, round shape 

e improved EMI compatibility 
e Improved sensing amplifiers 
e And many more 


Prescribe the Xyrel pacemaker from 
Medtronic. 
It's the evolution of excellence. 


AI mérnie 


Helping you help 
the pacemaker patient 





MEDTRONIC ' 
IMPLANTABLE PULSE GENERATORS 


INTENDED USES 

Ventricular pacing using an implantable 
ventricular pulse generator is for long-term 
therapeutic control of heart rate in 
patients with impulse formation or 
conduction disorders leading to brady- 
arrhythmias, tachyarrhythmias and heart 
block (see product labeling for detailed 
list of intended uses). 


CONTRAINDICATIONS 

There are no known contraindications to 
the use of pacing as a therapeutic 
modality for the control of heart rate. The 
patient's age and medical condition, 
however, may dictate the particular 
pacing systems and implantation pro- 
cedure used by the physician. 


WARNINGS 

Diathermy should not be used on patients 
with pacemakers because of possible 
heat damage to electronic components. 
Electrosurgical units should never be used 
in the vicinity of unipolar pulse generators 
or bipolar pulse generators implanted in 
the unipolar mode because of danger of 
introducing fibrillatory currents into the 
heart via the implanted pulse generator/ 
lead. Pulse generators may be damaged 
by defibrillatory discharges if the paddles 
are placed over the implanted pulse 
generator. 


PRECAUTIONS 

The physician should be aware that all 
pulse generators will ultimately cease to 
function, and may fail at any time due to 
random component or battery failures 
which cannot be predicted prior to fail- 
ure. Also, that the pacing system may 
cease to function at any time due to lead- 
related problems such as displacement, 
fracture, fibrotic tissue formation, and 
elevated thresholds, and that proper 
operation may be affected by electrical 
interference from equipment using elec- 
trical energy, or medical complications. 


SIDE EFFECTS 

Body rejection phenomena, including 
local tissue reaction, muscle and nerve 
stimulation, infection, erosion of pulse 
generator/lead through skin, transvenous 
lead-related thrombosis, embolism and 
cardiac tamponade. 





£A Meatronic 


Medtronic, Inc. 
3055 Old Highway Eight 
Minneapolis, MN 55418 





Now, automated 
cardiac output for 


open-heart patients 


... With IL’s 2-French 
transthoracic catheter and 
proven C.O. measuring system. 


platinum ans —" 
P". N teflon construction 


T 


To help you improve the fluid and 
drug therapy of a wider variety of 
patients, including premature infants, IL has 
added a 2-French Open-Heart Transthoracic 
Catheter to its automated cardiac output system. 
The new catheter facilitates pushbutton deter- 
mination of C.O. (with thermodilution injection 
made through a separate CVP line) and pulmonary 
artery temperature. It is: 
— Reusable upto 5 times, with teflon construction 
and closed distal tip. 
— Highly visible, fluoroscopically, with platinum 
and. 
— Furnished with introducer, to simplify insertion. 
Removable non-surgically. 


No matter which IL catheter you use, the [L601 
C.O. measuring system provides high accuracy and 
easy operation; requires no rectal temperatures; 
utilizes room temp. or iced injectate. This complete 
system includes: Computer/Recorder (601/602); 
Automatic Injector (55651); Iced Injectate Tray 
(26420); and 7F Adult (44166-05), 7F Animal/ 
Pediatric (44671-05), 5F Pediatric (44645-05) 
and 2F Open-Heart (44910-05) Catheters. 

For a demonstration, call toll-free (in U.S.): 
800-225-1481. Or write: Instrumentation 
Laboratory, Lexington, Mass. 02173. 





Q Instrumentation Laboratory Inc. 


DAVIS+GECK 


Long-term holding power... 





TI-CRON'silicone-treated polyester suture. 


TI-CRON gives you optimal passage through tissue. 


security in cardiovascular TI-CRON also handles easily. 
surgery...including prosthesis It does not stretch, and knots 
implantation. It offers you slide easily into place without 
exceptional strength and chatter. 

holding power, plus flexibility TI-CRON. The proven 

and softness. It is treated with suture with long-term holding 
physiologically inert medical- power for long-term security in 
grade silicone for smooth cardiovascular surgery. 
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When you consider 

the potential for shock 
following 

open heart surgery... 
Consider 


INTROPIN 


(dopamine HCI) 


Not every patient coming off the pump 
will need Intropin, but when a 
catecholamine is indicated in the 
shock syndrome following open heart 
surgery, it's reassuring to know that 
Intropin is available. 





A unique drug for the heart 


Increases myocardial contractility* 
Increases stroke volume* 

Increases cardiac output* 

Increases blood pressure due to inadequate 


cardiac output** 


without apparently increasing myocardial 
oxygen supply/demand ratio** 


and without increasing total peripheral 
resistance" * 


that reflects itself in the kidney 


Increases renal blood flow** 
Increases glomerular filtration** 
Increases urine output** 
Increases sodium excretion** 


*at intermediate dose ranges (5 to 30 mcg/kg/min) 
**at low-to-intermediate dose ranges (2 to 30 mcg/k g/min) 


See following page for full prescribing information. 








INTROPIN dopamine HCl) 


5 ml. AMPUL/FOR I.V. INJECTION 


DESCRIPTION: INTROPIN (dopamine HCI ) is 3,4-dihydroxyphenethylamine hydrochloride, a 
mbi Aa biochemical catecholamine precursor of norepinephrine. The chemical 
structure is: 


HO Mol. Wt. 189.65 


CgH,. NO; x HCI 
Dopamine hydrochloride is a white, odorless crystalline powder, freely soluble in water and 
soluble in alcohol. It is sensitive to light, alkalis, iron salts and oxidizing agents. 

Each milliliter of sterile, pyrogen-free INTROPIN Injection contains 40 mg. of dopamine 
hydrochloride (equivalent to 32.96 mg. of dopamine base) in Water for Injection, USP, 
containing 1% sodium bisulfite as a preservative. 


ACTIONS: INTROPIN exerts an inotropic effect on the myocardium resulting in an increased 
cardiac output. INTROPIN produces less increase in myocardial oxygen consumption than 
isoproterenol and its use is usually not associated with a tachyarrhythmia. Clinical studies 
indicate that INTROPIN usually increases systolic and pulse pressure with either no effect or a 
slight increase in diastolic pressure. Total leere resistance at low and intermediate 
therapeutic doses is usually unchanged. Blood flow to peripheral vascular beds may decrease 
while mesenteric flow increases. INTROPIN has also been reported to dilate the renal vascula- 
ture presumptively by activation of a " dopaminergic " receptor. This action is accompanied by 
increases in glomerular filtration rate, renal blood flow, and sodium excretion. An increase in 
deed output produced by dopamine is usually not associated with a decrease in osmolality of 
e urine. 


INDICATIONS: INTROPIN is indicated for the correction of hemodynamic imbalances present in 
the shock syndrome due to myocardia! infarctions, trauma, endotoxic septicemia, open heart 
surgery, renal failure, and chronic cardiac decompensation as in congestive failure. 

here appropriate, restoration of blood volume with a suitable pama expander or whole 
blood should be instituted or completed prior to administration o INTROPIN. 

Patients most likely to respond adequately to INTROPIN are those in whom physiological 
parameters, such as urine flow, myocardial function, and blood pressure, have not undergone 
profound deterioration. Multiclinic trials indicate that the shorter the time interval between onset 
of signs and symptoms and initiation of therapy with volume correction and INTROPIN, the 
better the prognosis. 


Poor Perfusion of Vital Organs—Urine flow appears to be one of the better diagnostic signs by 
which adequacy of vital organ perfusion can be monitored. Nevertheless, the physician should 
also observe the patient for signs of reversal of confusion or comatose condition. Loss of pallor, 
increase in toe temperature, and/or adequacy of nail bed capillary ve may also be used as 
indices of adequate dosage. Clinical studies have shown that when INTROPIN is administered 
before urine flow has diminished to levels approximately 0.3 ml./minute, prognosis is more 
favorable. Nevertheless, in a number of oliguric or anuric patients, administration of INTROPIN 
has resulted in an increase in urine flow which in some cases reached normal levels. INTROPIN 
may also increase urine flow in patients whose output is within normal limits and thus may be of 
value in reducing the degree of pre-existing fluid accumulation. It should be noted that at doses 
above those optimal for the individual patient, urine flow may decrease, necessitating reduction 
of dosage. Concurrent administration of INTROPIN and diuretic agents may produce an additive 
or potentiating effect. 


Low Cardiac Output—Increased cardiac output is related to INTROPIN's direct inotropic effect on 
the myocardium. Increased cardiac output at low or moderate doses appears to be related to a 
favorable prognosis. Increase in cardiac output has been associated with either static or 
decreased systemic vascular resistance (SVR). Static or decreased SVR associated with low or 
moderate increments in cardiac output is believed to be a reflection of differential effects on 
specific vascular beds with increased resistance in peripheral beds (e.g. femoral) and con- 
comitant decreases in mesenteric and renal vascular beds. Redistribution of blood flow parallels 
these iy so that an increase in cardiac output is accompanied by an increase in mesenteric 
and renal blood flow. In many instances the renal fraction of the total cardiac output has been 
found to increase. Increase in cardiac output produced by INTROPIN is not associated with 
substantial decreases in systemic vascular resistance as may occur with isoproterenol. 


Hypotension—Hypotension due to inadequate cardiac output can be managed by administration 
of low to moderate doses of INTROPIN, which have little effect on SVR. At high therapeutic 
doses, INTROPIN’s alpha adrenergic activity becomes more prominent and thus may correct 
hypotension due to diminished SVR. As in the case of other circulatory decompensation states, 
prognosis is better in patients whose blood pressure and urine flow have not sy qe 
profound deterioration. Therefore, it is suggested that the physician administer INTROPIN as 
soon as a definite trend toward decreased systolic and diastolic pressure becomes evident. 


CONTRAINDICATIONS: INTROPIN should not be used in patients with pheochromocytoma. 


WARNINGS: INTROPIN should not be administered in the presence of uncorrected tachyarrhyth- 
mias or ventricular fibrillation. 

NOT add INTROPIN to any alkaline diluent solution, since the drug is inactivated in alkaline 
solution. 

Patients who have been treated with monamine oxidase (MAO) inhibitors prior to the 

administration of INTROPIN will require sacras reduced dosage. Dopamine is 
metabolized by MAO, and inhibition of this enzyme prolongs and potentiates the effect of 
INTROPIN. The starting dose in such patients should be reduced to at least one-tenth (1/10) of 
the usual dose. 
- in Pregnancy—Animal studies have revealed no evidence of T! effects from 
INTROPIN. In one study, administration of INTROPIN to pregnant rats resu ted in a decreased 
survival rate of the newborn and a potential for cataract formation in the survivors. The drug 
may be used in pregnant women when, in the judgment of the physician, the expected benefits 
outweigh the potential risk to the fetus. 


Usage in Children—The safety and efficacy of this drug in children has not been established. 
INTROPIN has been used in a limited number of pediatric patients, but such use has been 
inadequate to fully define proper dosage and limitations for use. Further studies are in progress. 


PRECAUTIONS: Avoid Hypovolemia—Prior to treatment with INTROPIN, hypovolemia should be 
fully corrected, if possible, with either whole blood or plasma as indicated. 


Decreased Pulse Pressure—if a disproportionate rise in the diastolic pressure (i.e. a marked 
decrease in the pulse pressure) is observed in patients receiving INTROPIN, the infusion rate 
should be decreased and the patient observed carefully for further evidence of predominant 
vasoconstrictor activity, unless such an effect is desired. 


Extravasation—INTROPIN should be infused into a large vein whenever possible to prevent the 

possibility of extravasation into tissue adjacent to the infusion site. Extravasation may cause 

necrosis and sloughing of surrounding tissue. Large veins of the antecubital fossa are preferred 

to veiris in the dorsum of the hand or ankle. Less suitable infusion sites should be used only if 

the patient's condition requires immediate attention. The physician should switch to more 

— sites as rapidly as possible. The infusion site should be continuously monitored for free 
OW. 


Occlusive Vascular Disease—Patients with a history of occlusive vascular disease (for example, 
atherosclerosis, arterial embolism, Raynaud's disease, cold injury, diabetic endarteritis, and 
Buerger's disease) should be closely monitored for any changes in color or temperature of the 
skin in the extremities. If a change in skin color or temperature occurs and is thought to be the 
result of compromised circulation to the extremities, the benefits of continued INTROPIN 
infusion should be weighed against the risk of possible necrosis. This condition may be 
reversed by either decreasing or discontinuing the rate of infusion. 














IMPORTANT—Antidote for Peripheral Ischemia: To prevent sloughing and necrosis in ischemic 
areas, the area should be infiltrated as soon as possible with 10 to 15 ml. of Saline solution containing 
from 5 to 10 mg. of Regitine* (brand of phentolamine), an adrenergic blocking agent. A syringe with a 
fine hypodermic needle should be used, and the solution liberally infiltrated throughout the ischemic 
area. Sympathetic blockade with phentolamine causes immediate and conspicuous local hyperemic 
changes if the area is infiltrated within 12 hours. Therefore, phentolamine should be given as soon as 
possible after the extravasation is noted. 


Avoid Cyclopropane or Halogenated Hydrocarbon Anesthetics—Cyclopropane or halogenated hydro- 
carbon anesthetics increase cardiac autonomic irritability and therefore may sensitize the 
myocardium to the action of certain intravenously administered catecholamines. This interac- 
tion appears to be related both to pressor activity and to beta adrenergic stimulating properties 
of these catecholamines. Therefore, as with certain other catecholamines, and because of the 
theoretical arrhythmogenic potential, INTROPIN should be used with EXTREME CAUTION in 
patients inhaling cyclopropane or halogenated hydrocarbon anesthetics. 


Careful Monitoring Required—Close monitoring of the following indices—urine flow, cardiac 
output and blood pressure—during INTROPIN infusion is necessary as in the case of any 
adrenergic agent. 


ADVERSE REACTIONS: The most frequent adverse reactions observed in clinical evaluation of 
INTROPIN included ectopic beats, nausea, vomiting, tachycardia, anginal pain, palpitation, 
dyspnea, headache, hypotension, and vasoconstriction. Other adverse reactions which have 
been reported infrequently were aberrant conduction, bradycardia, piloerection, widened QRS 
complex, azotemia, and elevated blood pressure. 


DOSAGE AND ADMINISTRATION: 
WARNING: This is a potent drug: It must be diluted before administration to patient. 


Suggested Dilution—Transfer contents of one ampul (5 ml. lbs 200 mg. INTROPIN) by 

iiem technique to either a 250 ml. or 500 ml. bottle of one of the following sterile intravenous 

solutions: 

1) Sodium Chloride Injection, USP 

2) Dextrose 5% Injection, USP 

3) Dextrose (5%) and Sodium Chloride 
(0.9%) Injection, USP 

4) 5% Dextrose in 0.45% Sodium 
Chloride Solution 


These dilutions will yield a final concentration for administration as follows: 
250 ml. dilution contains 800 mcg./ml. of INTROPIN 
500 ml. dilution contains 400 mcg./ml. of INTROPIN 

INTROPIN has been found to be stable for a minimum of 24 hours after dilution in the sterile 
intravenous solutions listed above. However, as with all intravenous admixtures, dilution 
should be made just prior to administration. 

Do NOT add INTROPIN Injection to 5% Sodium Bicarbonate or other alkaline intravenous 
solutions, since the drug is inactivated in alkaline solution. 


Rate of Administration—INTROPIN, after dilution, is administered intravenously through a 
suitable intravenous catheter or needle. Ani.v. drip chamber or other suitable metering device 
is essential for controlling the rate of flow in drops/minute. Each patient must be individually 
titrated to the desired hemodynamic and/or renal response with INTROPIN. In titrating to the 
desired increase in systolic blood pressure, the optimum dosage rate for renal response may be 
exceeded, thus necessitating a reduction in rate after the hemodynamic condition is stabilized. 
Administration at rates greater than 50 da siu TE have safely been used in advanced 
circulatory decompensation states. If unnecessary fluid expansion is of concern, adjustment ol 
drug concentration may be preferred over increasing the flow rate of a less concentrated 
dilution. 
Suggested Regimen: 
1. When appropriate, increase blood volume with whole blood or plasma until central venous 
pressure is 10 to 15 cm H20 or pulmonary wedge pressure is 14-18 mm Hg. 
2. Begin administration of diluted solution at doses of 2-5 mc ./kg./minute INTROPIN ir 
patients who are likely to respond to modest increments of heart force and renal perfusion. 
In more d ill patients, begin administration of diluted solution at doses of £ 
mcg./kg./minute INTROPIN and increase gradually using 5 to 10 mcg./kg./minute increment: 
up to 20 to 50 mcg./kg./minute as needed. If doses of INTROPIN in excess of 5C 
mcg./kg./minute are required, it is suggested that urine output be checked frequently. Shoulc 
urine flow begin to decrease in the absence of hypotension, reduction of INTROPIN dosagt 
should be considered. Multiclinic trials have shown that more than 50% of the patients wert 
satisfactorily maintained on doses of INTROPIN less than 20 mcg./kg./minute. In patients wht 
do not respond to these doses with adequate arterial pressures or urine flow, additiona 
increments of INTROPIN may be employed in an effort to produce an appropriate arteria 
pressure and central perfusion. 
3. Treatment of all patients requires constant xc RE in terms of the blood volume 


5) Dextrose (5%) in Lactated Ringer's 
Solution 

6) Sodium Lactate (1/6 Molar) 
Injection, USP 

7) Lactated Ringer's Injection, USP 


augmentation of myocardial contractility, and distribution of peripheral perfusion. Dosage o 
INTROPIN should be adjusted according to the patient's response, with particular attention tt 
diminution of established urine flow rate, increasing tachycardia or development of nev 
dysrhythmias as indices for decreasing or temporarily suspending the dosage. 

4. As with all potent intravenously administered drugs, care should be taken to control the rate o 
administration so as to avoid inadvertent administration of a bolus of drug. 


OVERDOSAGE: In case of accidental overdosage, as evidenced by excessive blood pressur 
elevation, reduce rate of administration or temporarily discontinue INTROPIN until patient’ 
condition stabilizes. Since INTROPIN's duration of action is quite short, no additional remedic 
measures are usually necessary. If these measures fail to stabilize the patient's condition, use c 


the short-acting alpha adrenergic blocking agent, phentolamine, should be considered. 
HOW SUPPLIED: 5 ml. ampuls containing 40 mg. dopamine HCI per milliliter. 
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EDITORIAL 


Repair of Pectus Excavatum 


in Children Under 3 Years of Age: 


A Twelve-Year Experience 
Mark M. Ravitch, M.D. 


Doctors Randolph, Tunell, and Morton (p 364, 
this issue) very clearly demonstrate in their 50 
patients under 36 months of age that children 
tolerate the "standard" operation for pectus ex- 
cavatum very well, even in infancy. The transfu- 
sion requirement (26 patients) is unusual. It has 
been many years since we have had to transfuse 
any patient with funnel chest except adults or 
very large adolescents, and even those have 
needed it infrequently. 

The outcome—90% good results—is very 
good indeed, particularly in view of the fact that 
28 patients have been followed six years or 
more. The literature is replete with references to 
follow-up of this length being required to iden- 
tify recurrences. The focus of their paperis upon 
the ability of infants and small children to 
undergo an operation that yields exceedingly 
good results. It is a source of constant wonder- 
ment that many papers—particularly those ex- 
pressing discouragement over the results 
achieved—state that the younger the patient, 
the better the long-term results, yet at the same 
time declare that since small children are usually 
asymptomatic, operation should be postponed 
until later in childhood or early adolescence! The 
fact is that a moderate number of small children 
are recognized to be symptomatic before opera- 
tion, while in a much larger group, small chil- 
dren show such a spurt in their activity and 
appetite after operation as to make it clear that 
they had, in fact, been symptomatic. 

There are now abundant angiographic dem- 
onstrations of deformation of the heart by funnel 
chest, particularly the right ventricle or its out- 
flow tract. It is not at all uncommon in the plain 
posteroanterior roentgenogram of a child with 
funnel chest to see a circular area of radiolucency 
corresponding to the right half or so of the heart 
that has resulted from pancaking of the heart 
and reduction in the posteroanterior diameter of 
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the compressed portion. The National Institutes 
of Health physiological studies [1] in older pa- 
tients referred to in the paper by Dr. Randolph 
and his co-workers, which confirmed the previ- 
ous Swedish studies of Bevegard [2] and col- 
leagues, now demonstrate what has long 
been suspected: that appropriately designed 
physiological investigation will show that the 
heart in pectus excavatum is laboring at some 
disadvantage. It appears reasonable, therefore, 
to correct the deformity in infants and children 
when it is pronounced or progressive, without 
waiting for recognition of symptoms. 

A recent opportunity [3] to review the world 
literature turned up an extraordinary profusion 
of operative techniques. I conceive the essential 
features of the operation to be: 


1. Subperichondrial resection of all the in- 
volved cartilages over the full extent of the 
deformity. 

2. Separation of the xiphoid and the intercostal 
bundles from the sternum. 

3. Oblique division of the lowest normal cartil- 
age, usually the second or third. 

4. A transverse sternotomy in the interspace 
above, stabilizing <he reconstruction by the 
following step. 

5. Suturing across the osteotomy (with a bone 
block if the osteotomy is posterior) and sutur- 
ing the central stubs of the obliquely divided 
cartilages over the lateral stubs. 
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The Performance of the 


Braunwald-Cutter Aortic Prosthetic Valve 


Eugene H. Blackstone, M.D., John W. Kirklin, M.D., James R. Pluth, M.D., 
Malcolm E. Turner, Ph.D., and Grant V. S. Parr, M.D. 


ABSTRACT Four hundred seventy-five patients 
underwent aortic valve replacement with the 
Braunwald-Cutter ball-valve prosthesis at two in- 
stitutions. The early (30-day) hospital mortality was 
4.7% for those with isolated aortic valve replacement 
and 6.9% for the entire group. For the former, 5-year 
actuarial survival of the hospital survivors was 72 + 
5.7%; for the latter group it was 71 + 4.4%. Eleven 
patients (5 since the date of follow-up inquiry) have 
suffered poppet escape, 9 of whom died. The actu- 
arial incidence of known poppet escape is 4 + 2.6% at 
47 months; when the 5 patients suffering poppet es- 
cape since the date of follow-up inquiry are included, 
with certain assumptions, the incidence is 3.7 + 
1.14%. The projected probability of poppet escape 
using all 11 patients is 12.2% at 5 years; the 70% 
confidence bands of projected probability of poppet 
escape separate from those of the risk of re- 
replacement at 61 months. This and other analyses 
indicate that in general, patients with the 
Braunwald-Cutter aortic prosthesis should have it 
replaced 4% to 5 years after its insertion. 


We began using the Braunwald-Cutter aortic 
valve prosthesis in 1971 because of laboratory 
and clinical data suggesting that its cloth cover- 
ing over the nonmoving parts makes it less 
thrombogenic than other prosthetic aortic 
valves [7—9, 13, 14]. Its hemodynamic perfor- 
mance had been shown to be good [10]. Its Silas- 
tic poppet appeared at that time to be acceptable 
in view of the very low incidence of Silastic ball 
variance in the Model 1200 Starr-Edwards aortic 
prosthesis [6] and the Smeloff-Cutter aortic 
prosthesis [11, 27]. Subsequently, we discon- 
tinued use of the Braunwald-Cutter aortic valve 
prosthesis at the University of Alabama Medical 
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Center after an experience of several years had 
indicated that its thrombogenic potential is not 
sufficiently low to allow patients to forego an- 
ticoagulant therapy, and at the Mayo Clinic be- 
cause of 2 patients who suffered poppet escape 
(the first in June, 1973) [23]. 

The first known instance of poppet escape in 
an individual operated on at the University of 
Alabama Medical Center occurred in July, 1975, 
in a patient in whom the device had been in 
place 342 years. This event, plus the reported 
experience from the Mayo Clinic, indicated the 
need for developing a rational recommendation 
for or against reoperation and replacement of the 
Braunwald-Cutter valve in the patients in whom 
it had been inserted. This study was therefore 
undertaken. 


Material and Methods 


The study group consisted of the 475 patients in 
whom a Braunwald-Cutter prosthesis had been 
inserted into the aortic position at the Mayo 
Clinic (between February, 1971, and July, 1974) 
and at the University of Alabama Medical 
Center (between December, 1971, and March, 
1973). The indication for operation was aortic 
valve disease, alone or in combination with 
other lesions, of sufficient severity to produce 
major symptoms or to reduce life expectancy se- 
verely. The operations and postoperative care 
were performed by standard techniques; direct 
coronary artery perfusion or hypothermic 
ischemic arrest was used during the period of 
aortic cross-clamping [25]. Anticoagulant 
therapy was deliberately not advised in the 
Alabama group because of laboratory studies 
indicating minimal thrombogenicity (Starr and 
colleagues [6] were at that time not using an- 
ticoagulants in a subset of their patients receiv- 
ing Starr-Edwards aortic valves with cloth- 
covered nonmoving parts), but it was advised 
for some patients operated upon at the Mayo 
Clinic. 
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Follow-up information was obtained by cor- 
respondence and telephone conversation with 
each patient’s physician and, in the case of sur- 
vivors, with the patients themselves. All 208 
patients operated upon at the University of 
Alabama Medical Center were traced, as were 
261 of the 267 patients operated upon at the 
Mayo Clinic. The date of final inquiry was 
January 1, 1976, at the University of Alabama 
Medical Center and May 1, 1976, at the Mayo 
Clinic. 

All deaths were investigated in detail and the 
postmortem specimens examined when possi- 
ble. Valves removed at operation or postmortem 
examination were evaluated in each instance in 
which it was possible. The cause of death was 
determined from autopsy findings when these 
were available, and otherwise when possible 
from the clinical findings. Patients dying sud- 
denly without clinical data to suggest a specific 
cause and without postmortem examination 
were classified as “sudden death.” 

Actuarial analyses of the observed experience 
were made by the method of Berkson and Gage 
[3] for the incidence of: (1) late death (after 30 
days postoperatively) in the entire group, in pa- 
tients with isolated aortic valve replacement, in 
patients with combined aortic valve replace- 
ment and coronary artery bypass grafting, and 
in the last two groups combined; (2) known 
poppet escape; (3) combined poppet escape and 
“sudden death"; and (4) one thromboembolic 
event in patients not treated with anticoagu- 
lants. Additionally, an actuarial analysis of 
known poppet escape was repeated without 
further patient follow-up in October, 1976, be- 
cause by that time 5 patients were known to 
have suffered poppet escape since the time of 
inquiry; we assumed for this additional actuar- 
ial analysis that all patients traced and known to 
be alive at the dates of follow-up inquiry re- 
mained alive on October 1, 1976, except for those 
who had experienced poppet escape in the 
interval between the two dates. 

Confidence limits of proportions, utilizing 
their associated sample sizes, were obtained by 
the method described in Brownlee [12]. To cal- 
culate confidence limits from the actuarial 
analyses, the effective sample size for each pro- 
portion was estimated in the standard fashion as 


Pal PSE 


where P is the proportion and SE is the standard 
error as calculated in the actuarial analysis. 
We projected the actuarial poppet escape ex- 
perience as a smooth function of time after oper- 
ation by fitting the actuarial proportions at the 
time each event occurred to the logistic model 


P, = [1 + exp(-—Z,)]-’ 


where P; is the proportion of hospital survivors 
free of pcppet escape as a function of time after 
operation, exp is the base of the natural 
logarithms, and Z; is a regression equation [31]. 
To determine the form that the regression equa- 
tion had to take, we first plotted the logit of the 
data: | 


Logit = In(P/Q,) = Zt 


where /n is the natural logarithm and Q: = 1 — P. 
We found that P, so transformed was a straight- 
line function of time and that its upper confi- 
dence bands were convex downward and lower 
confidence bands concave upward. This sug- 
gested that the appropriate form for the re- 
gression equation Z, was: 


Zt = by + b (t — 7)" 


where Z, is the logit, by and b, are regression 
coefficients, t is the number of months after op- 
eration, 7 is a time-related bias, and wis a shap- 
ing parameter. The regression coefficients b, 
and b, were estimated by iterative nonlinear 
techniques [18]. For P,, 7 was set to zero and p to 
1 since P, was a straight line on the logit scale. 
For lower confidence bands, 7 was set to 18.999 
(ie, the function was assumed to be zero prior to 
the first instance of poppet escape) and u was 
estimated as a value less than 1 (concave up- 
ward). For upper confidence bands, we set 7 to 
zero and estimated p as a power greater than 1 
(convex downward). 

From the actuarial analysis of observed poppet 
escape, we derived the probability (Pr), and its 
standard error, that a patient surviving without 
such an event to time t will experience an event 
in the next 6- or 18-month period as: 


Pr = (P, — Prrad/Pt 


where P, is the probability of being event free at 
time t and Pe 4 is the probability of being event 
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free At months later; At was 6 or 18 months [15]. 
Additional calculations were made beyond the 
point of observed experience, using this same 
equation but employing the projected curves. 
The confidence limits for these numbers were 
obtained by applying the equation to the pro- 
jected confidence bands. 

To determine whether leaving the Braun- 
wald-Cutter aortic prosthesis in place or 
re-replacing it is better or worse for the patient, 
we compared the 7096 confidence bands of the 
incidence of poppet escape with those of early 
death (within 30 days) after reoperation on the 
aortic valve. The incidence of death from causes 
other than poppet escape when the Braun- 
wald-Cutter valve was left in place and that 
of complications and premature death after 
re-replacement were not taken into account, be- 
cause they probably occur in about the same 
order of magnitude. An approximate single- 
tailed test of significance for the hypothesis that 
re-replacement is worse than leaving the poppet 
in place (ie, had a higher earlv death rate than 
the incidence of poppet escape) was made after 
transforming the proportion for known poppet 
escape and the 70 and 9096 confidence bands at 
each time point by sin™’ V proportion [29]. The 
variance for re-replacement (3 deaths in 81 pa- 
tients) in this transformed domain is 1/(4-81), 
where 81 is the denominator of the proportion 
and 1/4 is the constant variance factor in radians. 
The variance of the transformed projected pop- 
pet escape proportions was estimated at each 
time point from the relationship: 


sin"! V upper confidence limit 
NE SGT EES 
= sin 'V proportion + Z,V variance 
and 


sin^' V lower confidence limit 
= sin "V proportion — Z,V variance 


where Z,, is the statistic associated with the 1 — a 
level confidence coefficient (1.03643 for 70% and 
1.64485 for 9096). This yielded four estimates for 
the variance, which was then taken to be the 
average of these four values. Asymptotic p val- 
ues were then obtained in standard fashion 
using the normal distribution. Gambler's odds 
were derived from these probabilities as (lip 
value) — 1. 


An estimate of the impact of known poppet 
escape and of combined poppet escape and sud- 
den death on actuarial survival among hospital 
survivors was made by calculating new actuarial 
curves in which patients experiencing these 
events were excluded at the time the event oc- 
curred. 


Results 
Early and Late Deaths 


The early mortality (within 30 days of operation) 
for isolated aortic valve replacement was 4.7% 
(the 70% confidence limits being 3.47 to 6.39%); 
for all patients in whom the aortic valve was 
replaced with a Braunwald-Cutter valve it was 
6.996 (Table 1). For the total group and in each 
subgroup there was no significant difference in 
early mortality between the two institutions. 

Of the patients surviving the first 30 days, 
19.9% died within the follow-up period. There 
was no significant difference in the experience 
at the two institutions. The causes of death in 
these 88 patients are shown in Table 2. 

Actuarial analysis shows the 5-year survival of 
the entire group to be 71 4.496 (Fig 1). The 
5-year survival for patients with isolated aortic 
valve replacement was 72 + 5.796 and for com- 
bined valve replacement and coronary bypass 
grafting, 71 + 8.2% (Fig 2); for both these groups 
together it was 72 + 5.2% (Fig 3). 

When in the entire group late deaths from 
poppet escape are excluded, the 5-year actuarial 
survival is 74 + 4.1%; when poppet escape plus 
sudden death are excluded, it is 78 + 4.2% (Fig 
4). The differences between these and the overall 
survival figures are not statistically significant. 


Poppet Escape 


Six patients suffered poppet escape prior to the 
time of inquiry, with the poppet embolizing to 
the aortic bifurcation. The incident was fatal in 
5. The shortest interval between operation and 
poppet escape was 1.58 years and the longest, 
4.00 years (Table 3). 

The actuarial incidence of known poppet es- 
cape (Fig 5) is less than 1% prior to 22 years, 1 + 
0.6% at 3 years, 2 + 0.7% at 3% years, and 4 + 
2.6% at 47 months. Based on the actuarial analy- 
sis of observed experience, a patient alive 21⁄2 
years after operation has 0.3 + 0.31% probabil- 
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Table 1. Experience with Braunwald-Cutter Valves in the Aortic Position 


Operative No. of 
Category Patients 
Isolated AVR 295 
AVR + MVR 69 
AVR + MVR + TVR 16 
AVR + CABG 36 
AVR + aneurysm 21 
AVR + previous valve 19 
AVR + other 19 
Total 475 


*To time of follow-up. 


"Percent of patients surviving the early postoperative period. 


30-Day Mortality 


. No. 


14 (4.7%) 
8 (11.6%) 
2 (12.5%) 
4 (11.1%) 
3 (14.3%) 
0 
2 (10.5%) 


33 (6.9%) 


Late Valves 

70% CL Deaths? Replaced 
3.47, 6.39 53 22 
7.57, 17.01 13 4 
4.19, 27.15 9 0 
5.71, 19.32 9 1 
6.38, 26.67 4 1 

0, 9.65 3 5 
3.52, 23.19 1 1 
5.74, 8.37 88 (19.9%)? 34 (7.7%)? 


CL = confidence limits; AVR = aortic valve replacement; MVR = mitral valve replacement; TVR = tricuspid valve 
replacement; CABG = coronary artery bypass grafting. 


Table 2. Causes of Late Death in 88 Patients 


-~ Cause 


Presumed acute myocardial infarction or 
arrhythmia by past medical history or 
postmortem examination 


Chronic heart failure 


Sudden death, without postmortem 
examination 


Thromboembolism-related deaths 
Poppet escape 


Cardiomyopathy or myocardial fibrosis 
on postmortem examination 


Accidents or violent deaths 
Reoperation to replace B-C valve 
Aortic dissection 

Renal failure 

Cancer 

Avulsion of entire valve 
Bacterial endocarditis 

Rupture of abdominal aortic aneurysm 
Hepatitis 

Pancreatitis 

Gastrointestinal hemorrhage 
Pulmonary insufficiency 


Unknown, but not stated as a sudden 
death 


B-C = Braunwald-Cutter. 


No. of 
Patients 


17 


RÀ RA BA Ro Re RÀ FF hN NR CQ oH 


ity of poppet embolization in the next 6 months, 
and a person alive 31⁄2 years after operation, 2.5 
t 2.48% (Table 4). 

The risk of poppet escape projected into post- 
operative periods longer than those so far ob- 
served was determined by probability-of-event 
analysis to be 7.1% (with 70% confidence limits 
being 2.08 and 29.5896) 44 years after operation 
and 11.596 at 5 years (with the lower 7096 confi- 
dence limit being 2.68%) (Fig 6). A patient alive 
315 years after operation has a projected prob- 
ability of poppet escape within the next 13 
months of 9.296 (the 7096 confidence bands 
being 1.56 to 71.5296), and one alive 4 years after 
operation, 14.596 (the confidence bands being 
1.84 to 96.6795) (see Table 4). 

Subsequent to the time of systematic inquiry, 
5 patients have suffered poppet embolization 
(Table 5). One of these patients has survived as a 
result of emergency reoperation, but he has dif- 
ficulty ambulating because of ischemic changes 
in his lower extremities. Making the assump- 
tions described under Methods, the actuarial 
incidence of poppet escape based on observed 
experience including these 5 patients (squares 
in Fig 7) at 47 months is 3.7 + 1.14%. 

Using these 5 patients and these assumptions, 
the projection by probability-of-event analysis 
indicates an anticipated incidence of poppet es- 
cape of 7.0% at 415 years (70% confidence bands 
being between 4.45 and 9.50%) and 11.9% at 5 
years (70% bands being between 6.91 and 
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Fig 1. Actuarialsurvivalfor all hospital survivors at 
2-month intervals. Standard errors are shown at 
yearly intervals, as are the number of patients 
remaining in the analysis beyond ihai period. 
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Fig 2. Actuarial survival in hospital survivors who 
had isolated aortic valve replacement (open 
squares) and in patients who had combined aortic 
valve replacement and coronary iu bypass 
grafting (open circles): 
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Fig 4. Influence of proved poppet escape or sudden 
death without postmortem examination upon 
actuarial survival. The lowest curve is identical to 
that in Figure 1; the middle curve excludes patients 
with death from poppet escape; the uppermost curve 
excludes patients with death from poppet escape or 
sudden death without postmortem examination. 


60.0 
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Table 3. Poppet Escape by End of Follow-up Period 


Years after 

Patient Operation Operation Poppet and Prosthesis Status 

1 AVR + CABG 1.58 Poppet not recovered 

2 AVR x91 Severe poppet wear 

3 AVR + CABG 2.17 Marked poppet wear 

4 AVR 2.78 Loss of poppet volume; loss of cloth 
from all three struts 

5 AVR + aneurysm 3.17 Increased poppet density; loss of 
cloth from all three struts 

6 AVR + aneurysm 4.00 Marked poppet wear 


AVR = aortic valve replacement; CABG = coronary artery bypass grafting. 


16.0696) (Fig 7). According to these projections, 
a patient alive 4 years after insertion of the 
Braunwald-Cutter aortic valve prosthesis has 
a 16.5% chance of poppet escape within 18 
months (7096 confidence limits being 7.79 and 
22.4096) and at 5 years after insertion, a 37% 
chance (7096 confidence limits of 14.76 and 
53.47%) (Table 6). 

Using only the data available at the comple- 
tion of follow-up (time of inquiry), the actuarial 
incidence of observed poppet escape is lower 


Fig 5. Actuarial incidence of observed poppet escape 
(open squares) and combined poppet escape and 
sudden death (open circles) plotted at the time of the 
event. The number of patients exposed to the risk 
(similar for each curve) is shown at several time 
periods. 
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than the incidence of early death after reopera- 
tion at all periods except 47 months (Fig 8). At 47 
months the former is 496; the incidence of death 
early after reoperation has been found in an- 
other study to be 3.796 [20]. The 7096 confi- 
dence bands of the projected probability of 
poppet escape overlap those of the risk of reop- 
eration at all periods up to and including 6 years. 
Using the projections, the estimated p value for 
rejecting the hypothesis that death early after. 
re-replacement of the aortic valve occurs in a 
higher proportion of those at risk than does 
poppet escape is less than 0.28 up to 72 months 
and is 0.44 at 4 years (Fig 9). Gambler's odds that 
a catastrophic event (death early after re- 
replacement or poppet escape) will occur less 
often with re-replacement than with leaving the 
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Table 4. Probability (Expressed as a Percentage) of Poppet Escape if Patient Is Alive and Event Free at the 


Beginning of the Interval 


Actual Actuarial Value 
(mean + SE) 


Beginning 

of Interval Within Within 

(mo) 6 Mo 18 Mo 

30 0.3 + 0.31% 3.2 = 2.5196 
36 0.4 + 0.40% 

42 2.5 t 2.48% 

48 

54 

60 


CL = confidence limits. 


Braunwald-Cutter valve in place are 2.6:1 at 72 
months and 1.3:1 at 48 months (Fig 10). 
Incorporating the 5 patients who experienced 
poppet escape after completion of the follow-up 
inquiry and making the assumptions stated, the 
actuarial risk of observed poppet escape is the 
same as or less than that of early death after 


Fig 6. Projected incidence of poppet escape (solid 
line) with projected 70 % (inner dashed line) and 
90 % (outer dotted line) confidence bands. 
Coefficients for the projections: proportion by = 
7.37, bı = —0.0888; lower 7095 band by = 7.82, b, = 
—0.955, w= 0.401; upper 70 % band by = 4.39, by = 
—0.415 X 1078, u = 4.00; lower 90 % band ba = 9.09, 
b,— —1.54, w= 0.318; upper 90 % band by = 4.08, 
b,= —0.0581 X1079, w= 4.51. 
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Poppet Escape 

Projected Value 
Proporzion Proportion 
within within 
6 Mo 70% CL 18 Mo 70% CL 
0.6% 0.29, 0.73 3.4% 1.09, 8.49 
1.1% 0.36, 1.92 5.7% 1.31, 27.84 
1.8% 0.44, 6.01 9.2% 1.56, 71.52 
2.9% 0.52, 21.72 14.5% 1.84, 96.67 
4.896 0.61, 61.29 21.996 2.14, 99.83 
7.5% 0.72, 89.00 31.3% 2.47, 99.99 


reoperation at all periods, both being 3.7% at 
47 months. To date, no patient whose valve has 
been in place longer than 4 years has suffered 
poppet escape. With the 5 patients included, the 
70% confidence bands of projected probability of 


: poppet escape separate from those of the risk of 


re-replacement at 61 months (see Fig 7). Using 
the projections made with the 5 added cases, the 
estimated p value for rejecting the hypothesis 
that death early after re-replacement of the aortic 
valve occurs in a higher proportion of those 
at risk than does poppet escape is 0.43 at 48 
months, 0.15 at54 months, and 0.05 at59 months 
(Fig 11). Gambler’s odds, with the 5 added pa- 
tients, that a catastrophic event will occur less 
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Table 5. Poppet Escape after Date of Follow-up 
Inquiry 


Years 
after 


Patient Operation Operation Prosthesis Status 


7 Reop AVR 3.47 Deformed poppet; 
loss of cloth from 
all three struts 

8 AVR IZI: Grossly normal 

9 AVR 4.00 Unknown 

10 AVR 3.66 Unknown 
11 AVR 3.96 Unknown 


AVR = aortic valve replacement. 


Fig 7. Projected incidence of poppet escape, 
including the additional 5 patients experiencing such 
an event since the date of inquiry for follow-up and 
making the assumptions stated under Methods. The 
solid horizontal line at 3.7% is the incidence of early 
death after re-replacement of the aortic valve with 70 
and 90 % confidence bands [20 ]; we assume this risk 
is the same whatever the interval between the initial 
valve replacement and the re-replacement. 
Coefficient for projections of poppet escape: 
proportion bo = 7.85, bı = —0.0979; lower 70 % band 
b, = 7.78, b= —0.567, w= 0.596; upper 70% band 
bo = 5.13, bi —0.00217, u = 1.80; lower 90% band 
bo = 8.96, b, = —0.894, w= 0.521; upper 90% band 
by = 4.63, b, = —0.000543, w= 2.12. 
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often with re-replacement than with leaving the 
Braunwald-Cutter valve in place are 1.3:1 at 48 
months, 6: 1 at54 months, and 29:1 at 60 months 
(Fig 12). 


Poppet Deformation and Cloth Wear 


Twenty of 45 poppets recovered at reoperation 
or at postmortem examination (not all patients, 
of course, had suffered poppet escape) were not 
visibly deformed (Table 7), and 21 were de- 
formed. The mean interval from valve insertion 
to poppet recovery was significantly shorter for 
nondeformed than for deformed poppets (p < 
0.00001). 

No cloth wear was observed in 6 of 45 recov- 
ered prostheses, and the mean interval from 
valve insertion to poppet recovery in these was 
1.5 + 0.72 years (Table 8). The interval was 3.2 
years in the 15 patients with loss of cloth over 
more than one-third the length of the struts, and 
this differs significantly from the interval for 
those without wear (p < 0.001). 


Sudden Death 


Fourteen patients who were not studied post- 
mortem died suddenly; some, but probably not 
all, may have died from poppet escape. The ac- 
tuarial incidence of known poppet escape plus 
sudden death was 3 + 0.8% by 2% years, 4 + 
1.0% by 3 years, 6 + 1.4% by 3% years, and 8 + 
2.7% by 4 years (see Fig 5). 
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Table 6. Projected Probability of Poppet Escape if Patient Is Alive and Event Free at Beginning of Interval 
(Using Stated Assumptions and Including the Additional 5 Cases of Poppet Escape) 





Poppet Escape 
Beginning of Within 6 Mo Within 18 Mo 
Interval 
(mo) Proportion 70% CL Proportion 70% CL 
30 0.6% 0.45, 0.74 3.4% 2.32, 4.20 
36 1.0% 0.73, 1.27 5.9% 3.60, 7.36 
42 1.8% 1.15, 2.24 10.1% 5.38, 12.97 
48 3.2% 1.75, 4.01 16.5% 7.79, 22.40. 
54 5.4% 2975 2S 25.7% 10.91, 36.44 
60 3.67, 12.83 37.0906 14.76, 53.47 


8.8796 
CL = confidence limits. 


Thromboembolism 

The actuarial incidence of a thromboembolic in- 
cident in patients not on anticoagulant therapy 
was 6.6 + 2.0396 at 1 year, 19.9 + 3.46% at 3 
years, and 23.8 + 5.04% at 4 years. 


Comment 


Severe aortic valve stenosis and incompetence 
have a poor prognosis with nonsurgical treat- 
ment [24]. For example, Frank and Ross [17] re- 


Fig 8. Projected incidence of poppet escape as in 
Figure 6. The incidence of early death after 
re-replacement is shown along with its 70 and 90 96 
confidence bands. 
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ported that 10 (83%) of 12 patients with proved 
severe aortic stenosis were dead within 5 years 
of being seen; and Spagnuolo and colleagues 
[30] found that 10 (32%) of 31 patients with 
severe aortic incompetence and moderate or 
marked left ventricular enlargement were dead 
or in heart failure within 1 year and 20 (65%) 
within 3 years. Within a few years of its de- 
velopment, aortic valve replacement was found 
to provide striking symptomatic improvement 
and a longer life expectancy than when the dis- 
ease remained untreated [16]. Therefore, in spite 
of the known risks and imponderables, open 
operation with aortic valve replacement has be- 
come the treatment of choice for patients with 


i] 
i 


+ 
. 2 
+ 
* 

* 

* La 
* t 

* 

* 


; joe ESCAPE — 


MM ud paasee" 

TT e nme pace eee m ua RD AASA 
» FI" T T. Wewksaesde wa EE au d eism 
2 9 a Q o 
en T O w e 
ze un LO LO N 


MONTHS AFTER OPERATION 


312 The Annals of Thoracic Surgery Vol 23 No 4 April 1977 


P-VRLUE 


e 
s s . a 
e w ou e w oe 9 (Ny oo 
we 


MONTHS AFTER OPERATION 


Fig 9. Criteria (p value) for rejecting ihe hypothesis 
that re-replacement is worse than leaving the poppet 
in place, as a function of time after operation based 
upon the data in Figure 6. 


severe aortic valve disease. Since the procedures 
were introduced in the early 1960s, a number of 
biological and prosthetic replacements for the 
aortic valve have been developed. Succeeding 
generations of devices have generally been 
superior to their predecessors because of intense 
efforts in the laboratory and in clinical practice 


Fig 10. Gambier's odds that re-replacement of the 
aortic valve is better than leaving the poppet in 
place, as a function of time after operation. (Data 
from Figs 6 and9.) 
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to identify suboptimal characteristics and to 
eliminate them. | 

Our use of the Braunwald-Cutter valve in the 
aortic position beginning in 1971 was based 
upon: (1) the demonstrated risks of long-term 
anticoagulation in patients with prosthetic 
valves [26]; (2) laboratory data suggesting that 
prostheses such as the Braunwald-Cutter valve 
with its cloth covering over nonmoving parts 
were less thrombogenic than other valves [7—9, 
13, 14]; (3) the possibility that this lower throm- 
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Fig 11. Criteria (pvalue) for rejecting the hypothesis 
that re-replacement is worse than leaving the poppet 
in place, as a function of time after operation based 
upon the data in Figure 7 (5 additional cases of 
poppet escape are included). 


bogenicity might allow the valve to be used 
without anticoagulants (such as was being done 
by Starr and colleagues [6] as part of a prospec- 
tive study of a different valve with cloth-covered 
nonmoving parts); and (4) the durability and 


Fig 12. Gambler's odds that re-replacement of the 
aortic valve is better than leaving the poppet in 
place, as a function of time after operation using the 5 
additional cases of poppet escape. (Data from Figs 7 
and 11.) 
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lack of variance of the Silastic poppet in the 
Starr-Edwards Model 1200 [6] and Smeloff- 
Cutter aortic valve prostheses [11, 27]. At both 
our institutions homograft aortic valves had 
been used previously because of their low 
thrombogenicity without anticoagulation; but 
cusp rupture and other degenerative changes 
developed late postoperatively in sufficient 
numbers to make continued use of homografts 
undesirable [19, 32]. 
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Table 7. Status of Recovered Poppets from Braunwald-Cutter Prostheses 
a a 


Status 
No poppet deformation 20 
Poppet deformation? 2I 


Unknown status? 


Total recovered poppets 45 


Poppet escape" 


Mean Years to 
Poppet Recovery 


1.8 + 0.94 
3.2 0.79 
1.9 + 0.38 


2.4 X 1.07 
2.6 X 0.90 


| p « 0.00001 
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“Includes recovered poppets that had escaped. 


"Includes 1 recovered escaped poppet with unknown poppet status. 


"Includes 1 unrecovered poppet. 


Table 8. Cloth Wear in 45 Recovered 
Braunwald-Cutter Prostheses 








Mean 
Years to 
No. Prosthesis 
Amount of Wear Valves Recovery 
None 6 1.5 + 0.72 
Loss of cloth at tips of struts 12 24 LI 
(« 1/3 length of struts) 
Loss of cloth > 1/3 length of 15 ou 0.93" 
struts 
Unknown status 12 2.3 + 0:96 


*p value for difference from “no cloth wear” < 0.001. 


Methods 

The 5 deaths occurring since the date of follow- 
up inquiry and during the period of data analy- 
sis and manuscript preparation posed a prob- 
lem. The actuarial analyses without them are 
precise; analyses using them are less precise be- 
cause they require some assumptions. Yet, the 
reality of the 5 instances of poppet escape makes 
us consider their use essential. The assumption 
that all other patients alive at the time of 
follow-up inquiry were still alive October 1, 
1976, could make the denominator in the actu- 
arial and proportional analyses with the 5 added 
cases slightly larger than the truth and thus 
could result in our slightly underestimating the 
incidence of poppet escape; it also has the pos- 
sibility of making the sample size slightly larger 
than is actually the case, thus making the confi- 
dence bands slightly narrower than they are in 
truth. As regards the critical lower confidence 


limits, these opposite effects probably neu- 
tralize each other. 

We chose to describe 70% confidence limits 
for proportional data (rather than 50% or 90%) 
and to consider that one of two alternative 
courses of action is demonstrated with reason- 
able certainty to be better when these confi- 
dence bands do not overlap [5]. Ap value of 0.15 
or less is guaranteed in this circumstance. Con- 
fidence limits of 70% are analogous to about 1 
standard error. The use of the narrower 50% 
confidence limits makes it easier and quicker to 
distinguish between two alternatives, but with 
less confidence; where 50% bands do not over- 
lap, ap value of only 0.25 or less is guaranteed. 
The use of nonoverlapping 90% bands as a crite- 
rion gives great confidence that there is in truth 
a difference; a p value of 0.05 or less is guaran- 
teed. However, using 9096 bands in clinical 
decision-making often necessitates waiting a 
long time for the inclusion of enough patients to 
make the bands nonoverlapping; during this 
time of indecision a number of patients may be 
subjected to a wrong treatment program. 

The data have been presented in two ways: 
actuarially, when the analysis is retrospective of 
observed experience, and by projection, using 
probability-of-event analysis, into time periods 
not yet experienced. The latter was made neces- 
sary by the strong suggestion that poppet escape 
increases with time, whereas actuarial analyses 
at all times so far experienced indicate that re- 
replacement of the Braunwald-Cutter valve is no 
safer for the patient than retaining it. In this 
dilemma, the option existed of using only the 
more precise actuarial analyses and waiting 


a 
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another 12 to 24 months to determine whether 
the trend of an increasing incidence of poppet 
escape with time would continue, finally allow- 
ing a conclusion, with reasonable certainty of 
being correct, that re-replacement is safer than 
leaving the Braunwald-Cutter aortic valve. This 
would have been a precise option but would 
probably have subjected a number of patients to 
catastrophic poppet escape during the subse- 
quent 12 to 24 months. We believed the use of 
projections was more likely to provide the best 
prognosis for life and health for the largest 
number of patients. 

The assumption that the incidence of death 
from causes other than poppet escape when the 
Braunwald-Cutter valve is left in place are gen- 
erally of the same order of magnitude as the 
incidence of complications and premature death 
after re-replacement can be questioned. For ex- 
ample, perhaps the incidence of peripros- 
thetic leaks is greater after re-replacement than 
after an initial operation; perhaps a second pe- 
riod of cardiopulmonary bypass and cold isch- 
emic arrest (or direct coronary perfusion) pro- 


duces sufficient additional myocardial damage. 


to shorten life expectancy significantly after re- 
replacement. We cannot analyze and evaluate 
these imponderables at present. 


Survival 


The early and late survival rates of patients in 
this series who received the Braunwald-Cutter 
aortic valve prosthesis are superior to the sur- 
vival rates of surgically untreated patients with 
comparable stages of aortic valve disease. There- 
fore, the operation has improved the life expec- 
tancy of these patients. 

Comparing other experience with the present 
Braunwald-Cutter series of patients having only 
aortic valve replacement with or without coro- 
nary artery bypass grafting, the reported 4- and 
2-year actuarial survival proportions for patients 
surviving the early postoperative period after 
receiving the Starr-Edwards composite-seat 
valve are 81 + 4.096 (p = 0.36) and 81 + 4.096 (p 
— 0.17), respectively [6]. For the Starr-Edwards 
Model 1200 valve the figures are 85% and 81 + 
3.796 (p — 0.16), respectively [6], and for the 
Bjórk-Shiley valve, 90 + 2.996 (p = 0.003) and 89 
+ 3.0% (p = 0.005), respectively [4]. Survival for 


3 years with the Hancock heterograft valve is 91 
+ 5.1% [21] (p = 0.11 compared with the 3-year 
survival of 82.0 + 2.26% in the present Braun- 
wald-Cutter series). Comparison of survival 
rates among such series of patients gives 
little reliable information about the prosthesis, 
since the ages of the patients and the proportion 
with advanced (NYHA Class IV) disease proba- 
bly varies considerably among the groups. Both 
are known to affect survival rates after aortic 
valve replacement significantly [1, 2]. 

Noteworthy is the similarity of survival 
curves in the present series for patients with 
combined aortic valve and coronary artery dis- 
ease who were treated by valve replacement and 
coronary artery bypass grafting and patients 
treated with isolated aortic valve replacement. 
Presumably, the latter were without major coro- 
nary artery disease. 


Thromboembolism 


The cloth covering of moving parts in the 
Braunwald-Cutter valve did not result in free- 
dom from thromboembolism in the absence of 
long-term anticoagulation. We recognized this 
some time ago and have already advised all our 
patients with this device to take anticoagulants 
indefinitely. Starr and colleagues [6] discovered 
that the Starr-Edwards Model 2300-2310 device 
with cloth-covered nonmoving parts also has a 
high incidence of thromboembolism in patients 
who are not receiving anticoagulants. We found 
too that in the absence of prolonged anticoagula- 
tion therapy, this device has a strong tendency 
to develop orifice stenosis from deposition of 
fibrin and ingrowth of tissue [28]. Both the 
Braunwald-Cutter and Starr-Edwards cloth- 
covered valve have a very low incidence of 
thromboembolism in patients treated with an- 
ticoagulants [6, 22]. 


Poppet Escape and the Problem of Re-replacement 


Poppet escape, with the poppet becoming 
lodged in the terminal abdominal aorta just 
above the bifurcation, is a catastrophic event 
that has occurred in 11 patients; 9 have died. 
Should living patients with a Braunwald-Cutter 
aortic prosthesis be advised to have it removed 
before such a catastrophic event happens to 
them? 
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The matter would be a relatively simple one if 
predictors of impending poppet escape regu- 
larly developed some time before the cata- 
strophic event and allowed reoperation to be 
carried out only in those patients at great risk of 
poppet escape. The first 2 instances of poppet 
escape observed at the Mayo Clinic were pre- 
ceded for some months by the development of 
hemolysis and by increase in the intensity of the 
systolic murmur usually present [23]. These 
signs have not been present in the other patients 
suffering poppet escape, and indeed, most of 
the 11 patients were asymptomatic and active 
prior to the catastrophic event. One of the 7 
poppets available for study after escape was 
grossly normal, and 2 showed only increased 
density and minor loss of volume. Therefore, we 
doubt that even actual gross inspection of a 
poppet could reliably provide assurance that it 
would not escape. We do not believe, then, that 
there are reliable predictors of poppet escape. 

The rarity of poppet escape in the first few 
years after insertion of a Braunwald-Cutter valve 
is noteworthy and supports the idea that re- 
placement should not be advised prior to the 
time after insertion when the risk of poppet es- 
cape is greater than that of dying early after 
reoperation. We have seen that, using only 
the observed experience—the most precise 
information—no statistical indication as yet 
exists for removing the Braunwald-Cutter aortic 
prosthesis and replacing it with another device. 

Yet the seeming tendency for poppet escape to 
increase with time (see Table 4, Figs 5-7) and the 
probability that it is related at least in part to 
poppet deformation, which also appears to in- 
crease with time (see Table 7), causes concern 
that patients with the Braunwald-Cutter valve in 
the aortic position will in the future face an in- 
creasing risk of poppet escape. Projections were 
therefore made. Those, using the information 
available up to the time of follow-up inquiry 
(and thus not including the 5 patients with pop- 
pet escape since that time), indicate that at 48 
months postoperatively the incidence of poppet 
escape exceeds that of early death after reoper- 
ation. The 70% confidence bands of these two 
events overlap at that point in time, however, 
and continue to overlap in the projections up to6 
years after insertion (see Fig 8). Therefore, on 


the basis of these projections one cannot say 
with reasonable certainty that the incidence of. 
poppet escape is greater than that of early death 
after reoperation. This is further supported by 
the estimated p value of 0.28 for the difference in 
incidence of a catastrophic event (poppet es- 
cape, or early death after reoperation) between 
no reoperation and reoperation at 6 years after 
insertion of the Braunwald-Cutter aortic valve 
(see Fig 9) and by gambler’s odds that reopera- 
tion is "better" being only 2.6 to 1 (see Fig 10). 
The 7096 confidence limits of the projected inci- 
dence of poppet escape in the next 18 months for 
someone who has already reached 5 years after 
insertion (see Table 4) overlap those of the risk of 
reoperation. (The confidence limits of the prob- 
ability of early death after reoperation are 1.63 
and 7.3296 [20].) 

When the 5 additional patients whose pop- 
pets have escaped since the time of follow-up 
inquiry are included, with the stated assump- 
tions, in the prospective analysis (see Fig 7), the 
7096 confidence bands of the incidence of pop- 
pet escape when the Braunwald-Cutter valve is 
in place separate from those of death early after 
re-replacement at 61 months. Therefore, we be- 
lieve that one can say ith reasonable certainty 
that the incidence of poppet escape by 61 
months after insertion of the valve is greater 
than that of early death after reoperation. The 
estimated p value of the difference between the 
two at that point is less than 0.05 (see Fig 11), and 
the gambler's odds in favor of re-replacement 
are better than 29 to 1 (see Fig 12). In patients 
whose Braunwald-Cutter aortic prostheses are 
in place 54 months or longer, the confidence 
limits of the projected probability of poppet es- 
cape within 18 months (see Table 6) do not over- 
lap with those of the lesser incidence of death 
after reoperation. 

Although we recognize, and have discussed 
earlier, that the projections as well as our inclu- 
sion of the 5 patients suffering poppet escape 
since the time of follow-up inquiry have the 
possibility of lack of precision, we conclude on 
the basis of these that in general, patients with a 
Braunwald-Cutter aortic prosthesis should be 
advised to undergo reoperation between 54 and 
60 months after its insertion. Patients who are 
elderly or who have serious coexisting disease 
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or severely impaired myocardial performance 


probably are at higher risk of early death after 


re-replacement of the aortic valve than are pa- 
tients in general, and they have a higher proba- 
bility of late death within 18 months after re- 
replacement than do patients in general. They 
also have a higher probability of early death 
from causes other than poppet escape if the 
Braunwald-Cutter valve is retained. Each pa- 
tient's own special probabilities and confidence 
bands with and without reoperation must be 
considered in order that a proper recommenda- 
tion be reached. 
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The Early Risk of 


Re-replacement of Aortic Valves 
Grant V. S. Parr, M.D., John W. Kirklin, M.D., and 


Eugene H. Blackstone, M.D. 


ABSTRACT One hundred two patients underwent 
re-replacement of the aortic valve, 95 having a first 
reoperation, 6 a second, and 1 a third. The early (30- 
day) mortality among the 81 patients undergoing an 
elective first reoperation was 3.7% (with 70% confi- 
dence limits of 1.63% and 7.32%). Fourteen patients 
undergoing their first reoperation did so urgently, 
and 6 (42.9%) died early postoperatively. Technical 
problems during reoperation were uncommon. Fif- 
teen of the 102 patients underwent reoperation be- 
cause of infection in or around the device; 2 (13.3%) 
died early postoperatively, and at least 3 more died 
within nine months of operation. These data, with 
their 70% confidence limits, are useful in arriving at a 
decision for or against reoperation in individual pa- 
tients. 


Unfortunately, not all operations for replacing 
diseased aortic valves have perfect long-term 
results despite the high quality of the prosthetic 
and biological devices used for this purpose. 
The question of reoperation therefore arises on 
occasion. Since the decision for or against it in 
individual patients is at times difficult, we have 
studied the early risks of reoperation in order 
that these can be compared with the risks of not 
reoperating in various circumstances. 


Material and Methods 


Between January 1, 1967, and December 31, 
1975, 102 patients underwent isolated aortic 
valve re-replacement at the University of 
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Alabama Medical Center. Patients who had re- 
replacement of the aortic valve plus additional 
procedures such as mitral or tricuspid valve re- 
placement or coronary artery revascularization 
are not included. An additional exclusion is a 
patient who survived reoperation consisting of 
simple excision of long suture tails that had ren- 
dered the disc of a Bjórk-Shiley prosthesis in- 
competent. In 95 patients the reoperation was 
done for replacement of the device originally 
used tc replace the aortic valve. The original 
aortic valve replacement had been with a 
homograft in 41 of these patients, a prosthetic 
valve in 50, a stent-mounted heterograft in 3, 
and a fascia lata valve in 1. In 6 patients the 
reoperation was a second one, for insertion of a 
third aortic valve replacement; in 1 patient the 
reoperation was the third one, for insertion of 
the fourth valve. Not all the previous operations 
had been done at our medical center. 

In general, the operations were done with the 
same techniques used for primary aortic valve 
replacement. The sternum was divided from 
above down with an electric saw. The tissue 
immediately beneath the sternum was sharply 
dissected away from it before the rib spreader 
was introduced. The heart usually was 
mobilized only enough to allow the procedure to 
be done. Prior to about 1972 the operations were 
performed using direct coronary artery perfu- 
sion with the heart beating. Subsequently they 
have been done using profound cardiac cooling 
with the perfusate and ischemic arrest [4]. When 
the patient was in shock prior to operation or 
the hemodynamic state was in some other way 
unsatisfactory preoperatively, the monitoring 
devices were inserted, the patient was prepared 
and draped, the lines to the pump-oxygenator 
were filled, and the femoral artery was exposed 
using local anesthesia prior to inducing general 
anesthesia. Once anesthesia was induced, the 
incision was made and a single venous cannula 
was inserted into the right atrium, allowing car- 
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diopulmonary bypass to be initiated within a 
few minutes of the induction of general anes- 
thesia. 

The hospital records were reviewed retrospec- 
tively to obtain the data for this study. Operative 
mortality was defined as a death occurring 
within 30 days of operation, whether or not the 
patient had been discharged from the hospital. 
Confidence limits for the mortality proportions 
were obtained by Brownlee’s method [2] or by 
the quadratic approximation to it described by 
Wallis and Roberts [5], the latter being more 
amenable to desk-calculator use. 


Results 

Thirty-Day Mortality 

Nine (9.5%) of the 95 patients undergoing their 
first reoperation died within 30 days of opera- 
tion (Table 1). In addition, a single patient died 
from a ruptured mycotic aneurysm while still 
hospitalized 62 days after operation for perival- 
vular leak and a mycotic false aneurysm of the 
aortic suture line. Of the 6 patients undergoing 
their second reoperation, 1 died on account of 


technical difficulties at the time of the third ster- 
notomy. One patient had previously undergone 
attempted closure of an aorta-left ventricular 
tunnel, reclosure of the tunnel, and prosthetic 
aortic valve replacement, then received a second 
prosthetic valve and then a homograft aortic 
valve, all at other institutions. He survived his 
third reoperation. 

Eighty-one of the 95 patients undergoing 
reoperation after a single previous aortic valve 
replacement were operated upon electively. The 
indication for reoperation was an incompetent 
or stenotic homograft in 35 patients, prosthetic 
leak in 14, infected prosthesis in 12, incompe- 
tence after individual cusp replacement in 7, 
prosthetic stenosis in 7, hemolysis in 4, and 
recurrent thrombembolism in 2. Three patients 
(3.7%, with the 70% confidence limits being 
1.63% and 7.32%) died within 30 days of reop- 
eration (Table 2). One patient had an initially 
benign course; however, on the tenth post- 
operative day he experienced severe chest pain, 
followed by ventricular fibrillation from which 
he could not be resuscitated. Postmortem exam- 
ination showed a fresh thrombus occluding the 


Table 1. Early Mortality in 102 Aortic Valve Reoperations, 1967-1975 


30-Day Mortality 








Total No. of 

Reoperation Patients Deaths % 70% CL 
First (second valve) 95 9 9.5 6.35, 13.65 
Second (third valve) 6 1 16.7 2.17, 46.09 
Third (fourth valve) 1 0 0 0, 100. 

Total 102 10 9.8 6.74, 13.84 
CL = confidence limits. 
Table 2. Early Mortality in 95 Aortic Valve First Reoperations (Second Valve Insertion) 

30-Day Mortality 

Type of Total No. of 
Reoperation Patients Deaths % 70% CL 
Elective 81 3.7 1.63, 7.32 
Urgent 14 42.9 26.99, 60.00 
p < 0.001. 


CL = confidence limits. 
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left anterior descending coronary artery. He had 
received adequate anticoagulant therapy prior 
to this episode. A second patient died 16 hours 
after undergoing replacement of a homograft 
valve with a prosthesis for angiographically 
small perivalvular leak but severe congestive 
heart failure. At operation the dehiscence was 
found to be very small. Postmortem examina- 
tion showed marked subendocardial scarring 
and cardiomegaly, confirming the surgical im- 
pression that the perivalvular leak had contrib- 
uted little to his heart failure. The third death in 
this group was associated with stripping of the 
adventitia of the ascending aorta at the second 
sternotomy, necessitating eventual replacement 
of the ascending aorta and inordinately pro- 
longed cardiopulmonary bypass (236 minutes). 

Fourteen patients underwent their first reop- 
eration on an urgent basis. In 8 of them severe 
and acute aortic incompetence (from peri- 
prosthetic leak in 5 and an incompetent homo- 
graft in 3) had led to a poor hemodynamic state. 
The poppet of a ball valve had stuck open in 3 
patients. The remaining 3 were acutely ill with 
the sepsis of prosthetic infection. Six of the 14 
patients (42.9%, with the 70% confidence limits 
being 26.99% and 60.00%) died within 30 days 
of operation. One died on the fourth postopera- 
tive day after urgent reoperation for a leaking 
homograit, congestive heart failure, ventricular 
arrhythmias, and sick sinus syndrome. Two of 3 
patients who had suffered cardiac arrest prior to 
reoperation died; 1 could not be removed from 
cardiopulmonary bypass, and the other died on 
the second postoperative day in coma with 
anuria. The fourth death occurred at urgent 
reoperation to replace an aortic homograft in 
which all three cusps had ruptured; the patient 
had been in a clinical state of shock prior to 
operation. The other 2 deaths were of patients 
with infected prostheses who suffered cardiac 
arrest preoperatively. 


Technical Problems and Morbidity 


The left innominate vein was transected during 
sternotomy in 3 of the 102 patients; 1 of these 
—1 of the 2 in whom the vein was re- 
anastomosed—died four days p; 





scribed, the adventitia of the ascending aorta 
was stripped in 1 patient, who died. The aorta 
was lacerated in another patient during ster- 
notomy, and in another case a laceration was 
made at the junction of the superior vena cava 
and right atrium during mobilization of adhe- 
sions. This was easily controlled, and the patient 
survived. 

Three (2.996) of the 102 patients required reen- 
try for postoperative bleeding. One of them ul- 
timately died. 


Infected Prosiheses 


Fifteen of the 102 patients underwent reopera- 
tion because of infection in or around the pros- 
thesis. In 3 the operation was urgently indicated 
because of the patient's poor hemodynamic 
state: 2 had suffered cardiac arrest prior to opera- 
tion. Two (13.396) of the 15 patients died early 
postoperatively, these being the ones who had 
had cardiac arrest preoperatively. 

Three of the remaining 13 patients died from 
41 days to nine months postoperatively. There- 
fore, as far as we know, the overall mortality 
within nine months in patients reoperated on 
for infected aortic prostheses that were resistant 
to antibiotic treatment or had resulted in a poor 
hemodynamic state is 33.396 (with 7096 confi- 
dence limits being 19.42% and 50.05%). 


Comment 

Since most prosthetic or biological valves used 
to replace diseased aortic valves in man will not 
function in all patients for an indefinite period, 
the question of reoperation from time to time 
arises. Advising the individual patient for or 
against reoperation requires comparing the 
risks and imponderables of keeping his present 
device with those of reoperation. Such compari- 
sons are not valid when only the proportions 
themselves are compared, since the probability 
that those risks are reproducibly the true risks 
depends in part on the number of patients in the 
sample studied. The use of confidence limits 
quantitates this variable and should be used in 
decision-making in patients. We have chosen 
70% confidence limits (rather than 5096 or 
95%) as being appropriate for most clinical 
decision-making [1]. When the 7096 confidence 
limits of the risks of two therapeutic options 
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(such as removing an artificial valve versus re- 
taining it) overlap, the superiority of one versus 
the other cannot be said to have been demon- 
strated. When they do not overlap, a p value 
below 0.15 is guaranteed, and in most clinical 
situations the decision should be made to go 
with the more favorable of the two options. 
Therefore, we have presented the important 
proportions concerned with the risks of reopera- 
tion accompanied by their 70% confidence 
limits. 

One of the factors to be considered is the inci- 
dence of death early (within 30 days) after reop- 
eration. Technical problems do exist, but this 
study indicates that they usually can be solved 
without a major increment in surgical risk. 
This has also been the experience of Mac- 
Manus, Starr, and colleagues [3] and others. 
Splitting the sternum carefully from above 
down, sharply dissecting tissues away from the 
undersurface of the sternum before placing the 
rib spreader, mobilizing the heart the minimal 
amount necessary to do the operation, using 
cold ischemic arrest (cooling the heart with the 
perfusate, since residual adhesions usually pre- 
vent adequate external cardiac cooling), and 
thoroughly and systematically evacuating air 
through the ascending aorta before discontinu- 
ing cardiopulmonary bypass are the most im- 
portant technical considerations in these reop- 
erations, in our opinion. The 3.7% incidence of 
early death after the first elective reoperation is 
not significantly different from the early risk of 
primary aortic valve replacement. The much 
higher risk (42.996) of urgent reoperation in pa- 
tients with shock and other forms of acute car- 
diac failure is not surprising but is not germane 
to the risk of elective reoperation. It does em- 
phasize the wisdom of trying to avoid such situ- 
ations whenever possible by determining the 


probability of their occurring in a given patient 
and, when indicated, intervening prior to a cat- 
astrophic event. 

Other risks exist with replacement of a device 
inserted after removal of a diseased aortic valve. 
The bed available for insertion of the second 
device is of course heavily scarred, and perival- 
var leakage may occur in more patients than 
after the first prosthetic insertion. The second 
insult to the myocardium may result in addi- 
tional impairment of cardiac performance. 
Whatever device is used at the second operation 
has its own long-term risks and imponderables. 

This study emphasizes the seriousness of in- 
fection in or around devices used for aortic valve 
replacement. We do not have data to indicate the 
incidence of cure with antibiotics in such situa- 
tions. Thirty-three percent of those resistant to 
antibiotic therapy and requiring operation for 
this or because of an inadequate hemodynamic 
state have died within a year of reoperation. 
This result emphasizes the need for rigorous 
aseptic technique during open intracardiac op- 
erations. 
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Thromboembolic Phenomena in 
Patients with Prosthetic Aortic Valves 
Who Did Not Receive Anticoagulants 


Gordon L. Larsen, M.D., James A. Alexander, MAJ, USAF, MC, 


and William Stanford, COL, USAF, MC 


ABSTRACT Seventy-two patients with Starr-Ed- 
wards aortic prostheses of the 2300 series were 
followed for 1 to 73 months (average, 22 months) 
without receiving anticoagulants. Nine patients had 
clinical evidence of an embolic episode (12.5%). One 
of these patients died, and 5 were left with a signifi- 
cant residual neurological deficit. Two other patients 
had hemiparesis but recovered fully. Only 1 episode 
could be considered minor. The reported lower inci- 
dence of thromboembolism in patients receiving this 
prosthesis with adequate anticoagulation has now 
led us to reverse our previous position and recom- 
mend anticoagulation for patients receiving Starr- 
Edwards aortic prostheses. 


Five years ago this institution reported on the 
favorable experience with implantation of mitral 
and aortic prosthetic heart valves without post- 
operative anticoagulation [9]. Following that 
publication, we began a series in which we elec- 
tively gave anticoagulants to patients with mi- 
tral prostheses in order to obtain a comparable 
anticoagulated group. This study remains in 
progress. The favorable results reported in our 
patients with aortic prostheses led us to con- 
tinue our policy of not giving anticoagulants to 
these patients in the postoperative period. This 
policy has been in effect for more than five years, 
and analysis of data from this group forms the 
basis of this report. 


Materials and Methods 
In the five and one-half years prior to July, 1974, 


83 patients received aortic prostheses of the 
Starr-Edwards 2300 series at Wilford Hall USAF 
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Medical Center. Two of these patients also re- 
ceived aortocoronary saphenous vein bypass 
grafts. Five of the 83 received anticoagulants in 
the early postoperative period and are not in- 
cluded in this study. Six operative deaths (796 
operative mortality) left 72 patients available for 
review. Data concerning the fate of these 72 pa- 
tients were obtained from hospital records and 
yearly questionnaires filled out by the patients, 
their relatives, or their personal physicians. 
The patients iwere followed until they could 
no longer be contacted, died, or were started 
on anticoagulants (warfarin, aspirin, or dipyr- 
idamole). Anticoagulants were begun either 
because of the preference of the personal phy- 
sician or subsequent to a thromboembolic epi- 
sode. The embolic episode was included in this! 
review and was diagnosed on the basis of clini- 
cal observation; the episodes included the sud- 
den development of hemiplegia or hemiparesis, 
sudden loss of vision in one eye, transient 
ischemic attacks, or transient appearance of 
motor weakness involving one extremity. The 
data were tabulated using both the actuarial 
method and direct percentage, and by calculat- 
ing emboli per 100 patient-years. 

The patients' ages at operation ranged from 20 
to 62 years with a mean of 44 years. There were 
65 men and 7 women. 


Results 


The patients were followed from 1 to 73 months 
with a mean of 22 months. Excluding operative 
deaths, the late mortality was 2296 at five years, 
using the actuarial method (Figure). 

Embolic episodes occurred in 9 patients, a rate 
of 12.596. Four óf these episodes occurred in the 
first year, 2 in.the second, and 3 in the fourth 
year following operation. In 6 of the episodes 
(8.396) the patients either died or were left with 
significant residual neurological deficits: 1 pa- 


- 
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tient died from a massive cerebrovascular acci- 
dent, 4 were left with residual hemipareses, and 
the remaining patient sustained a residual vi- 
sual field defect. Two other patients suffered 
hemipareses but recovered fully, and an addi- 
tional patient had transient weakness of the 
right arm that resolved. Two patients in the en- 
tire group had atrial fibrillation. One of them 
had associated mitral stenosis, and this patient 
sustained an embolus 22 months after aortic 
valve replacement. The other patient developed 
atrial fibrillation 20 months after replacement 
and was receiving anticoagulants at that time; 
she sustained no emboli. 

Although only 12.5% of the patients in the 
entire group had emboli, the specific incidence, 
using the actuarial method, for each model of 
valve was 22% at five years for the Model 2300 
valves, 63% at four years for the Model 2310 
valves, and 11% at three years for the newer 
Model 2320 valves. 

Looking at the incidence of emboli per 100 
patient-years, the results are more easily vi- 
sualized. The embolic rate for the entire group 
was 9 per 1,000 patient-months. The incidence 
for each valve model can be seen in Table 1. 


v v 
e. ð 
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Table 1. Emboli per 100 Patient-Years 


Embolism Rate (per 


Valve Model 100 patient-years) 





2300 6 
2310 11.1 
2320 9.3 
Entire group 9 
Comment 


Thromboembolic complications have been as- 
sociated with the implantation of prosthetic 
valves since Hufnagel [7] in 1951 used a ball 
check valve in the descending aorta. Oral an- 
ticoagulation has been widely employed in an 
attempt to control these complications [1, 5, 6]; 
however, the difficulty of maintaining adequate 
levels of anticoagulation and the 1096 incidence 
of significant hemorrhagic complications (in- 
cluding an occasional death [4, 5] have led to a 
continuing search for prosthetic valves with a 
lowered tendency for thrombus development. 
Toward this end, bland surfaces and improved 
flow characteristics have been developed [1]. 
The composite-seat, cloth-covered, stellite ball 
Starr-Edwards aortic prosthesis, Model 2300, 
showed early promise of significantly reducing 
thromboembolic phenomena [6, 10]. Friedli and 
co-workers [4] reported a 1696 incidence of em- 
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bolic episodes in patients with prosthetic valves 
at all sites when those patients received an- 
ticoagulants; this incidence was reduced to 4% 
in patients with cloth-covered valves. Braun- 
wald and her associates [2], using cloth-covered 
aortic and mitral prostheses, reported no em- 
bolic episodes in 32 patients followed for 20 
months who were taking anticoagulants. 

Of greater importance, Starr [10] in 1971 re- 
ported no thromboembolism in patients with 
the Starr-Edwards Model 2310 or Model 2320 
valves (composite-seat, cloth-covered) who did 
not receive anticoagulants and who were fol- 
lowed for three years. Our own modest experi- 
ence with the Starr-Edwards 2300 series valves 
in 30 patients who were not given anticoagu- 
lants revealed only 1 suspected embolus, as re- 
ported in 1972 [9]. 

However, further experience with the Starr- 
Edwards.2300 series aortic valve in patients who 
did not receive anticoagulants has been disap- 
pointing. A more recent article by Starr and col- 
leagues [11] reports the probability of embolic 
episodes in unanticoagulated patients to be 16% 
at 36 months, with 5% having significant re- 
sidual deficits. This parallels our results, which 
show 12.5% emboli at 36 months in unan- 
ticoagulated patients receiving this prosthesis. 
Our percentage of patients left with significant 
residua was 8.3. 

A closer comparison to Starr’s series of pa- 
tients not receiving anticoagulants is seen in 
Table 2, showing emboli per 100 patient-years to 
be 6.9 in our series and 8.8 in Starr's. 

Reports on the incidence of thromboembolic 
phenomena in anticoagulated patients with the 
Starr-Edwards 2300 series valves are variable. 
Friedli [4] and Gadboys [5] and their associates 
reported rates of 4 and 5%, respectively. Starr’s 
more recent report [11] indicated that no emboli 
occurred in 116 adequately anticoagulated pa- 
tients followed up to five years (average, three 
years). In marked contrast, Vidne and Levy [12] 
and Cleland and Molloy [3] showed embolic 
rates of 11 and 1896, respectively. These latter 
rates are not significantly different from those 
reported by Starr and ourselves in patients who 
were not given anticoagulants. The adequacy of 
anticoagulation may be critical. Indeed, Friedli's 


Table 2. Thromboembolic Complications in Patients 
Receiving Starr-Edwards 2300 Series Aortic Valve 
Prostheses without Anticoagulants 


Present Starr's 
Factor Series Series 
No. of patients 72 134 
Average years of follow-up 1.8 bs 
Emboli per 100 6.9 8.8 


patient-years 


group [4] noted that in patients for whom pro- 
thrombin times were determined, the values 
were outside the therapeutic range less than 
1596 of the time. 

Most investigators have noted that the inci- 
dence of thromboembolic phenomena appears 
to be greatest in the first and second years fol- 
lowing implantation. This is also true in our 
experience except for the Model 2310 valve, 
which showed an alarming incidence of emboli 
at the third year after implantation. This sug- 
gests that anticoagulants remain necessary for 
at least four years, and it is uncertain whether 
they can ever be safely discontinued. Still of 
concern is the observation of an increased inci- 
dence of emboli in patients who stop taking 
anticoagulants after a period of adequate an- 
ticoagulation [11]. 

In conclusion, we wish to emphasize that an 
unacceptably high incidence of emboli may 
occur in a five-year period in patients who have 
the Starr-Edwards 2300 series aortic valves and 
who do not receive anticoagulants. Further, it 
seems important that the anticoagulation be suf- 
ficient to maintain the prothrombin time at 
therapeutic levels in order to minimize embolic 
episodes. 
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Notice from the Southern Thoracic Surgical Association 


The Twenty-fourth Annual Meeting of the 
Southern Thoracic Surgical Association will be 
held at the Marco Beach Hotel, Marco Island, FL, 
- on November 3-5, 1977. There will be a $100 
registration fee for nonmember physicians ex- 
cept for güest speakers, authors and coauthors 
on thei program, and residents. 

Members wishing to participate in the scien- 
tific program should submit abstracts, in tripli- 
cate, by June 1, 1977, to James E. Cousar, M.D., 
2700 Riverside Ave, Jacksonville, FL 32205. 
Abstracts should be double-spaced on one side 
of one sheet of paper, with a 1-inch left margin, 


and limited to 200 words. All slides used during 
the presentation must be 35 mm. The abstract 
must list a member as coauthor. Manuscripts of 
accepted papers must be submitted to The An- 
nals of Thoracic Surgery by October 15, 1977. 

Applications for membership should be com- 
pleted by September 1, 1977, and forwarded to 
James L. Alexander, M.D., 40 Medical Arts 
Center, Savannah, GA 31405. 


]. Kent Trinkle, M.D. 
Secretary- Treasurer 
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Triple-Valve Replacement: 


An Analysis of Eight Years' Experience 


Larry W. Stephenson, M.D., Nicholas T. Kouchoukos, M.D., 


and John W. Kirklin, M.D. 


ABSTRACT The total experience with combined 
aortic, mitral, and tricuspid valve replacement in 38 
patients during an eight-year period ending in De- 
cember, 1974, is reviewed. The hospital mortality was 
23.7% (9 patients) and was influenced by the 
preoperative New York Heart Association Functional 
Class: 18% (5 of 28 patients) in Class III and 40% (4 of 
10) in Class IV. Intraoperative myocardialinjury was 
the other important factor affecting hospital mortal- 
ity. The majority of late deaths were related to cardiac 
causes. The five-year survival was 53% (20 patients) 
for the entire group and 6296 (17 patients) for the 
Class III patients. At latest follow-up (mean, 44 
months), 22 (7696) of the hospital survivors had im- 
proved by at least one functional class. It appears that 
surgical intervention before patients reach Class IV 
status should give better early and long-term results. 
Our current indications for tricuspid valve replace- 
ment as opposed to repair are presented. 


Combined replacement of the aortic, mitral, and 
tricuspid valves, a relatively uncommon opera- 
tive procedure, accounts for less than 596 of all 
patients undergoing valve replacement [1, 4, 6]. 
Between 15 and 2596 of patients having com- 
bined aortic and mitral valve replacement have 
also required replacement of the tricuspid valve 
[1, 4, 6, 7]. Generally, this group differs from 
patients requiring aortic and mitral valve re- 
placement in whom reconstructive procedures 
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(commissurotomy, annuloplasty, or both) are 
performed on the tricuspid valve, in that severe 
structural deformities of the tricuspid valve are 
usually present. This report describes our ex- 
perience with triple-valve replacements in pa- 
tients with advanced rheumatic valvular disease 
over an eight-year period and summarizes our 
current opinions regarding the use of this pro- 
cedure. 


Material and Methods 


Between January, 1967, and December, 1974, 38 
patients underwent triple-valve replacement at 
the University of Alabama Medical Center in 
Birmingham. This represents 1.796 of the 2,272 
patients having prosthetic valve replacement 
and 13% of the 289 having combined mitral and 
aortic valve replacement in our center during 
this period. The ages of the patients ranged from 
21 to 61 years with a mean of 45 years. Twenty- 
five (66%) were women. Using the New York 
Heart Association classification, 28 patients 
were in Functional Class III and 10 were in Class 
IV preoperatively. Nine patients had undergone 
previous cardiacoperations (2 closed mitral com- 
missurotomies, 1 closed mitral and tricuspid 
commissurotomy, 3 open mitral commissurot- 
omies, 1 open mitral and tricuspid commissurot- 
omy, and 2 open triple commissurotomies). 

The hemodynamic valvular lesions were as- 
sessed by means of preoperative cardiac 
catheterization and by the surgeon at the time of 
operation (Table 1). Twenty-eight patients had 
some degree of stenosis of the tricuspid valve 
with or without associated incompetence. The 
remaining 10 had only tricuspid incompetence 
without structural deformities of the valve leaf- 
lets. 

The need for replacement of the tricuspid 
valve was determined by the surgeon at the time 
of operation. Thirty-three patients had either 
severe structural damage to the valve or severe 
incompetence, and the valve was replaced 
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Table 1. Hemodynamic Valvular Lesions in 38 
Patients Having Triple-Valve Replacement 


Hemodynamic Lesion No. of Patients 


Aortic valve 


Stenosis 10 

Incompetence | 12 

Mixed 16 
Mitral valve 

Stenosis 19 

Incompetence 2 

Mixed 17 
Tricuspid valve 

Stenosis 2 

Incompetence 10 

Mixed 26 


primarily. In 5 patients the valve was replaced 
because of persistent severe tricuspid incompe- 
tence following replacement of the aortic and 
mitral valves and discontinuation of cardiopul- 
monary bypass. 

During the eight-year period of the study only 
4 of 251 patients having mitral and aortic valve 
replacement underwent tricuspid annuloplasty, 
reflecting our relatively conservative approach 
to patients with mild or moderate tricuspid in- 
competence. 

All operations were performed through a me- 
dian sternotomy incision. Cardiopulmonary 
bypass, initially using a rotating disc and 
more recently a bubble (Bentley-Temptrol) 
oxygenator, with moderate hemodilution and 
flows of 2.0 to 2.2 liters per minute per square 
meter of body surface area was employed in all 
cases. The operative technique and methods for 
protection of the myocardium varied. Thirty- 
one patients had direct coronary perfusion dur- 
ing replacement of all 3 valves, using cannulas 
inserted after the aorta was opened and the aor- 
tic valve excised. Perfusion was continuous ex- 
cept for short periods not exceeding 3 to 5 min- 
utes. In 2 patients coronary perfusion combined 
with profound myocardial cocling was used dur- 
ing replacement of the aortic and mitral valves. 
The tricuspid valve was replaced during re- 
warming, after removal of the aortic clamp. 
Coronary perfusion was used in 2 patients dur- 
ing insertion of the aortic and mitral valves. 


Cardiopulmonary bypass was discontinued, 
then reestablished when replacement of the 
tricuspid valve was deemed necessary. The 
tricuspid prosthesis was inserted during brief 
periods of ischemic arrest at 34° to 37°C. In 3 
patients the aortic and mitral valves were re- 
placed during aortic cross-clamping following 
profound internal and external myocardial cool- 
ing. Cardiopulmonary bypass was discontinued 
and reestablished, and the tricuspid valve was 
replaced with the perfusate temperature at 34° to 
37°C. The duration of cardiopulmonary bypass 
for the entire group ranged from 95 to 230 min- 
utes with a mean of 163 minutes. 

Various prosthetic valvular devices were 
employed. These included the Starr-Edwards 
Silastic ball and cloth-covered metallic ball 
composite-seat prostheses, the Braunwald-Cut- 
ter and Bjork-Shiley prostheses, and Carpentier- 
Edwards preserved stent-mounted porcine 
xenografts (Table 2). 

Anticoagulation with warfarin sodium was 
begun on the second postoperative day in all 
patients except the 1 who received the xenograft 
valves. Digitalis and diuretic therapy were used 
when indicated. Follow-up information, avail- 
able for all hospital survivors, was obtained by 
examination or by telephone interviews with 
the patient or referring physician. The date of 
last inquiry was September 9, 1975. The mean 
duration of follow-up was 44 months and ranged 
from 4 to 103 months. 


Table 2. Types of Prosthetic Valves Used in the 38 
Patients 


No. of 
Aortic Mitral Tricuspid Patients 
SES SES SES 17 
SES SEC SEC 2 
SEC SEC SEC 5 
SEC SEC BS 1 
BC BC BC 5 
BS BS BS 7 
CE CE CE 1 
SES = Starr-Edwards Silastic: SEC = Starr-Edwards 


composite-seat; BC — Braunwald-Cutter; BS = Bjork-Shiley; 
CE = Carpentier-Edwards porcine xenograft. 
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Results 
Hospital Mortality 


There were 9 hospital deaths (23.7%), occurring 
from 1 to eleven days following operation (Table 
3). Five patients died from low cardiac output. 
At postmortem examination all were found to 
have myocardial necrosis of recent origin. In 1, 
dissection of the left main coronary artery, pre- 
sumably due to the coronary perfusion cannula, 
was noted. In another, in whom direct coronary 
perfusion was used, intramural hemorrhage of 
recent origin was present in the left anterior 
descending coronary artery with corresponding 
acute septal necrosis. Two patients without clin- 
ical evidence of low cardiac output died of ven- 
tricular fibrillation. Postmortem examination in 
1 of these patients showed extensive acute myo- 
cardial necrosis. One patient died from hemor- 
rhagic diathesis and 1 from severe neurological 
deficit. 

The hospital mortality for the 28 Class III pa- 
tients was 18% (5 patients) and for the 10 Class 
IV patients, 40% (4 patients) (p = 0.16). Because 
of the small number of patients, correlation of 
operative mortality with specific valvular le- 
sions or with the technique of intraoperative 
myocardial preservation was not possible. Pa- 
tient age, previous cardiac procedures, or the 
year in which the operation was performed did 
not influence hospital mortality. The mean dura- 
tion of cardiopulmonary bypass was identical 
for the 9 patients who died in the hospital and 
for the 29 survivors (163 minutes). 


Table 3. Causes of Early and Late Death following 
Triple-Valve Replacement 


Cause of Death No. of Patients 


Hospital (23.796) 


Low cardiac output 5 
Arrhythmia (ventricular 2 
fibrillation) 
Hemorrhagic diathesis 1 
Neurological injury 1 
Late (18.496) 
Sudden 3 
Cardiac failure 3 
Prosthetic endocarditis 1 


Total 16 


Replacement 


Postoperative Complications 


Six patients without clinical evidence of im- 
paired cardiac performance developed ventricu- 
lar fibrillation or cardiac standstill between the 
second and twelfth postoperative days. Four of 
the 6 were successfully resuscitated and were 
discharged from the hospital with no neurologi- 
cal deficits; 3 of the 4 were alive at the time of last 
follow-up. Four patients required reoperation 
for bleeding. Two patients required implanta- 
tion of permanent cardiac pacemakers, 1 for 
complete heart block and 1 for control of ar- 
rhythmias. 


Late Mortality 


There were 7 late deaths (18.496) from 4 to 55 
months following operation (see Table 3). Three 
were sudden and presumed to be of cardiac ori- 
gin. Two of these patients had severe chest pain 
immediately before death; postmortem exam- 
ination in 1 showed no coronary embolus. One 
of the 3 patients had ventricular fibrillation in 
the postoperative period. Three other patients 
died of cardiac failure and 1 of prosthetic en- 
docarditis. 

The cumulative survival rate for the entire 
group is shown in Figure 1. Twenty-six patients 
were alive at one year, 23 at three years, and 20 at 
five years; thus the one-, three-, and five-year 
survival rates were 68,60, and 53%, respectively. 
Survival according to preoperative functional 
classification is shown in Figure 2. There has 
been only 1 late death among the 15 Class III 
patients followed more than 14 months. The 
five-year survival is 6296 (17 patients). Only 3 
(3096) of the Class IV patients were alive at three 
years. The difference in survival at three years 
between the Class III and IV patients approaches 
statistical significance (p = 0.07). 


; 


Late Complications 


Five patients developed moderate or severe 
hemolysis and anemia. One patient who re- 
ceived 3 Starr-Edwards cloth-covered com- 
posite-seat prostheses has required blood trans- 
fusions. The other 4 patients (1 each with the 
Starr-Edwards Silastic, Starr-Edwards com- 
posite-seat, Braunwald-Cutter, and Bjórk-Shiley 
prostheses) have lesser degrees of hemolysis 
that is being controlled with iron and folic acid 
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therapy. Two patients have had a permanent 
cardiac pacemaker inserted for control of 
arrhythmias. | 

One patient developed sudden partial loss of 
vision 5 months postoperatively, presumably 
due to embolization from the aortic or mitral 
prosthesis, and died two weeks later, 15 minutes 
after a severe episode of substernal chest pain. 
This represents the only known thromboem- 
bolic complication. There have been no major 
complications related to anticoagulant therapy. 


Symptomatic Improvement 

One year after operation 25 of the 29 hospital 
survivors (8696) were improved by at least one 
functional class, 1 patient was worse, and 3 had 
died. At last follow-up (mean, 44 months), 22 of 
the 29 hospital survivors (7696) remained im- 
proved by at least one functional class. Six were 
in Class 1, 15 were in Class II, and 1 was in Class 
III. 


Comment 


Triple-valve replacement in this series of pa- 
tients was associated with substantial operative 
risk. The most important factors affecting the 
hospital mortality were the preoperative 
functional class of the patients and the occur- 
rence of intraoperative myocardial injury. Of the 
7 patients who died early postoperatively of low 
cardiac output or arrhythmias, the 6 examined 
postmortem all had evidence of acute myocar- 
dial necrosis. In 2 of these patients the myocar- 
dial necrosis probably resulted from technical 
problems related to direct coronary perfusion. 
Serious arrhythmias occurred in the early 
postoperative period in 6 patients who did not 
have clinical evidence of low cardiac output. 
Two of these patients died in the hospital and 1 
died suddenly 14 months postoperatively. Two 
additional patients died suddenly 4 and 12 
months after operation, respectively. Three pa- 
tients required insertion of permanent pace- 
makers for control of arrhythmias, 1 early and 2 
late postoperatively. A similar incidence of ven- 
tricular arrhythmias following triple-valve re- 
placement has been reported by others [5, 6, 8]. 
Shanahan and Windsor [6] have suggested that 
these arrhythmias may result from impinge- 


ment of the struts of ball-valve prostheses on the 
septal and anterior walls of the right ventricle. In 
our series ventricular arrhythmias were ob- 
served in 2 patients having low-profile disc 
valves. It is more likely that these arrhythmias 
reflect severe myocardial injury, both chronic 
and occurring suddenly during or following op- 
eration. 

Analysis of the causes of late death showed 
that 6 of the 7 were of definite or probable car- 
diac origin (see Table 3). Thrombotic obstruc- 
tion of the tricuspid prosthesis was not iden- 
tified as a cause of death in any of these patients. 
The incidence of valve-related complications 
was low. The patient who received 3 xenografts 
died of prosthetic endocarditis. Only 1 patient 
had a documented thromboembolic episode, 
and none had significant complications related 
to anticoagulant therapy. A similarly high inci- 
dence of cardiac-related late deaths following 
triple-valve replacement has been reported by 
Sanfelippo and associates [5]: 6 of 16 late deaths 
in 46 hospital survivors of triple-valve replace- 
ment were due to congestive failure or myocar- 
dial infarction, and 4 patients died suddenly. 
Two patients with ball-valve prostheses in the 
tricuspid position died from malfunction of the 
prosthesis due to thrombotic occlusion of the 
valve orifice. Fatal thromboembolism occurred 
in only 1 patient, and no deaths related to an- 
ticoagulant therapy were observed. These find- 
ings are similar to those in the present series. 

We are in agreement with others that in view 
of recent encouraging results with several types 
of tricuspid annuloplastv [2, 3], tricuspid valve 
replacement should be avoided whenever pos- 
sible. However, despite its increasing use, it is 
unlikely that tricuspid annuloplasty will com- 
pletely supplant tricuspid valve replacement in 
patients with organically diseased valves. 

Our current practice is to assess the degree of 
tricuspid valvular disease by palpation through 
the atrial appendage before cardiopulmonary 
bypass is started. If there are no structural ab- 
normalities of the valve and tricuspid incompe- 
tence is minimal, the valve is not repaired. If 
there is moderate incompetence without organic 
disease, the incompetence is assessed again 
after the other valves have been replaced and 
cardiopulmonary bypass has been discon- 
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tinued; annuloplasty is performed if moderate 
or severe incompetence persists. If severe in- 
competence or organic disease is present on ini- 
tial examination, the valve is examined through 
a right atriotomy and the need for repair or re- 
placementis determined. Annuloplasty, with or 
without commissurotomy, is performed when 
possible. If severe incompetence persists after 
repair, the valve is replaced. 

It appears that surgical intervention early in 
the course of the disease (before a patient 
reaches Functional Class IV) as well as improved 
methods of intraoperative mvocardial preserva- 
tion* should result in lower hospital mortality 
and, thus, improved long-term survival. De- 
spite the relatively high hospital mortality, 5396 
of the entire group and 62% of the Class III 
patients were alive at five years. Substantial im- 
provement in symptoms was noted in the major- 


"The data from our triple-valve experience cannot yet sup- 
port this contention. However, from our more extensive 
experience with double-valve replacement, we are firmly 
convinced that profound internal and external myocardial 
cooling represents a superior method of preservation com- 
pared with direct coronary artery perfusion. Our preferred 
technique for triple-valve replacement is as follows: the aorta 
is cross-clamped for the duration of aortic and mitral valve 
replacement. Coronary perfusion through the aortic root is 
then allowed while the tricuspid valve is being replaced. The 
problems of injury to the coronary arteries have been elimi- 
nated, and the mortality for double-valve replacement has 
been halved. 


ity of survivors. These findings suggest that op- 
eration should continue to be offered to such 
patients. 
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Announcing the Datascope Pulsatile 
Assist Device. (BA.D) 
The first device that produces pulsation 
and counterpulsation from 
your heart-lung machine without 
additional surgery. 











It has long been recog- 
nized that pulsatile perfusion 
is better physiologically for 
the organs and for the microcir- T intra-Aortic Balloon 
culation than the steady flow (M Pump Console 
delivered by the arterial pumps $ 
of existing heart-lung 
machines.» * 

We are proud to announce 
the first clinical device to suc- 
cessfully produce atraumatic, 
pulsatile flow: The Datascope 
Pulsatile Assist Device (P. A.D.). 

The Datascope P. A.D. 
does this by converting the con- 
tinuous flow of the roller pump | 
to pulsatile flow. This pulsatile | Heart-Lung Machine 
flow can also be synchronized 
with the heartbeat. If the heart 
is fibrillating, the P. A.D. can 
produce a pulsatile flow at 





selected physiologic rates. 

The P.A.D. can also pro- 
vide counterpulsation both be- 
fore and after cardiopulmonary 
bypass. Which means you can 
now perform counterpulsation 
without the need for an intra- 
aortic balloon and additional 
surgery. 

The P.A.D. consists of a 
disposable avalvular balloon 
housed in a rigid plastic cylin- 
der which is inserted into the 





arterial line of the heart-lung at s 

machine. Blood flows from the roller increase in hemolysis. 

pump through the balloon into the aorta. For further information on the 

Synchronized pulsation of the balloon is Datascope P. A.D., or to arrange for a visit 

produced by the pneumatic action of the by one of our technical representatives, 

Datascope System 80 Balloon Pump. write or call: Datascope Corp., 580 Winters 
! Clinical use ofthe PA.D? has dem- Avenue, Paramus. New Jersey 07652. Tel. 

onstrated a marked increase in urinary out- (201) 265-8800 or Datascope B.V., 

put and coronary graft blood flow. And a Kyftenbeltlaan 6, Hoevelaken, Holland. 

marked decrease in the peri-operative Tel. 03495-4514. 


myocardial infarction rate. 


In addition, there was no significant The Datascope PA.D. 
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are the surgical teams entrusted with procedures 
equiring cardio-pulmonary bypass. These experts 
ave elected to use the WILLIAM HARVEY ™ Hybrid 
Disposable Oxygenator in an ever-increasing 
umber of cases, now more than 60,000 of them. 


hy? Because of a significant difference no other 

»xygenator can claim: the exclusive William Harvey 
ybrid design. A unique combination of gas bubble 
action and stable laminar blood film flow permits 
apid, effective gas exchange at oxygen/blood flow 
atios as low as '» to 1, with a mean ratio of 1 to 1. 
Blood turbulence is minimized, resulting in lowered 
emolysis rates. 
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juring gas exchange, reducing the possibility of gas 
mboli formation. Performance of this heat 
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ybrid principle. 
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Cephalothin Prophylaxis 
and Valve Replacement 


T. W. Austin, F.R.C.P.(C), J. C. Coles, F.R.C.S.(C), P. McKechnie, B. S 
W. Sandoval, M.D., and A. Doctor, F.R.C.S.(C) 


ABSTRACT Ina study of antibiotic prophylaxis in 
adults undergoing heart valve replacement, we found 
that a2 gm dose of cephalothin given intraoperatively 
produced adequate antimicrobial activity in the 
bloodstream throughout the period of cardiopulmo- 
nary bypass. A dosage of 1 gm every four hours post- 
operatively did not lead to significant accumulation 
of the antibiotic. 

With prophylaxis restricted to the intraoperative 
and early postoperative period, adverse drug reac- 
tions and superinfections were not a problem. 
Further, no cases of prosthetic valvulitis were en- 
countered. 


Because of the associated high mortality, infec- 
tion of a valve prosthesis remains of major con- 
cern to the cardiovascular surgeon. Therefore, 
patients undergoing valve replacement receive 
prophylactic antibiotic therapy through the 
operative and early postoperative period. 
Whether this practice is responsible for the cur- 
rent low incidence of prosthetic valvulitis re- 
mains unproved [3] for two reasons: 


1. The current low incidence of prosthetic val- 
vulitis would make a study to resolve this 
question unattractive to the cardiac surgeon 
and would necessitate studying large num- 
bers of patients. 

2. One study that was attempted was discon- 
tinued prematurely when 2 placebo-treated 
patients developed potentially preventable 
pneumococcal endocarditis [4]. 


Present concern, we believe, should be di- 
rected at the choice of the appropriate antibiotic, 
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as judged by data available on organisms caus- 
ing valvulitis and their corresponding antibiotic 
sensitivities. Further, there should be consider- 
ation of drug dosage and of the optimal timing 
and duration of such therapy. This former pointis 
of importance since data at present are conflict- 
ing. An early study by Benner [1] indicated that 
despite the agent used, cardiac bypass was as- 
sociated with a precipitous drop in serum anti- 
biotic levels to subinhibitory values. 

More recently Kluge and associates [5] have 
suggested that, when prebypass levels of the 
antibiotic are satisfactory, such a phenomenon ` 
does not occur. Our study attempts to clarify this 
controversy. Cephalothin, the agent studied, is 
a drug in common use for such prophylaxis be- 
cause of its activity against the usual causes of 
prosthetic valvulitis [7]. 


Materials and Methods 


The study included 13 adult patients undergo- 
ing single-valve replacement at Victoria Hospi- 
talin London, Ontario, between April and July, 
1975. There were 7 women and 6 men, with an 
average age of 51 years. Seven had aortic and 6 
had mitral valve replacement. 

Reasons for exclusion included lack of in- 
formed consent, a history of penicillin or 
cephalosporin allergy, or a preoperative serum 
creatinine value greater than 1.2 mg/100 ml. Ad- 
ditional information included the preoperative 
weight, duration of cardiac bypass, and amount 
of blood given intraoperatively. 

No antibiotics were given prior to the pa- 
tient’s arrival in the operating room, at which 
time a 1 or 2 gm dose of cephalothin was 
administered intravenously over a five- to 
ten-minute period. Blood samples were sub- 
sequently obtained on four occasions: (1) im- 
mediately upon the initiation of cardiopulmo- 
nary bypass; (2) after one-half hour of bypass; 
(3) upon the completion of bypass; and (4) upon 
arrival in the recovery area prior to any addi- 
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tional antibiotic administration. The time at 
which intraoperative samples were obtained 
was noted from time 0, the completion of the 
cephalothin infusion (Table 1). 

Postoperatively the patients were maintained 
on intravenous cephalothin for approximately 
96 hours, according to one of the following 
schedules: (1) 500 mg every four hours, (2) 1 gm 
every four hours, or (3) 1 gm every six hours. 

On the first and last days of treatment, blood 
samples were obtained one hour before and one 
hour after a dose of cephalothin. These samples 
were allowed to clot and were centrifuged; the 
resulting serum was removed and stored at 
—70°C until it was assayed [2]. Also on the first 
and last days of treatment, 24-hour creatinine 
clearances were determined. A urine culture 
was obtained while the patient was on pro- 
. phylaxis; until their discharge, all patients 
were followed clinically for evidence of an ad- 
verse drug reaction or superinfection. Three 
months postoperatively the patients were re- 
viewed for evidence of valvulitis. 


Results 


One patient died in the early postoperative 
period from problems unrelated to infection or 
antibiotic use. One patient developed a superin- 


Table 1. Patient Data 


fection: pneumonia secondary to Hemophilus in- 
fluenzae, an organism noted for its resistance to 
the cephalosporins [8]. Initially phlebitis was 
noted in 1 patient, necessitating premature dis- 
continuance of cephalothin. A satisfactory solu- 
tion to this problem was to add 1,000 IU of 
heparin to each liter of intravenous solution, 
beginning 24 hours postoperatively. The 12 
patients who left the hospital were free of evi- 
dence of valvulitis at the three-month review. 

seven patients received 1 gm and 6 received 2 
gm of cephalothin intraoperatively. Figure 1 
shows the average blood levels of cephalothin, 
and the standard deviations, at each time mea- 
surements were made. 

During the postoperative period, determina- 
tions were made of blood levels of cephalothin 
on the first and fourth days of treatment with the 
three different dosage schedules previously de- 
scribed (Fig 2). As expected, peak blood levels 
were higher with the 1 gm dose; with either 
four-hour or six-hour administration of ceph- 
alothin, accumulation of the drug over the 
four-day period did not occur. 

It was possible to obtain pericardial fluid from 
5 patients by needle aspiration prior to opening 
the sac. Contrary to an earlier study [1], we found 
evidence of cephalothin in four of the samples 


Time from 
Patient No., Cephalothin Infusion to Blood 
Age (yr), Weight X Valve Dose First Sample Pump Run  Transfused 
& Sex (kg) Replaced (gm) (min) (min) (ml) 
1, 70, M 50 Mitral | 1 53 108 0 
2; 40, F 66 Mitral 1 76 98 0 
3,65, F " 48 Aortic 1 TOM 92 375 
4, 39, F 50 Mitral 1 114 50 750 
commissurotomy 
Mitral | 1 107 98 250 
5,60, F 48 Aortic 1 18 87 Ü 
6,58,M 75 Aortic 1 26 152 500 
7, 20, M 46 Aortic 2 43 66 0 
8, 34, F 42 Mitral 2 31 73 500 
D DAE 57 Mitral 2 45 82 625 
10, 57, M 67 Aortic 2 38 117 750 
11, 69, M T Aortic 2 40 144 0 
12, 32, M 115 Mitral 2 51 70 0 
13, 59, F 67 Aortic 2 11 83 250 
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Fig 1. Cephalothin blood levels during operation. 
Throughout the peried of cardiac bypass and up to 
the time of arrival in the recovery area, serum 
cephalothin levels were in excess of those necessary 
to inhibit sensitive gram-positive cocci 
(Staphylococcus aureus, S. epidermidis, 
Streptococcus pyogenes, and S. pneumoniae). 
Whether 1 or 2 gm of cephalothin was administered 
intraoperatively, the serum levels in the recovery 
room were generally not adequate to inhibit sensitive 
gram-negative rods (Escherichia coli, Proteus 
mirabilis, Klebsiella). 


assayed. Cephalothin levels found in the peri- 
cardial fluid of patients receiving 1 gm doses of 
cephalothin were 0.0, 7.6, 1.5, and 2.2 wg per 
milliliter (average, 2.8 + 3.3 wg per milliliter); in 
the patient receiving a 2 gm dose of cephalothin, 
the pericardial fluid level was 3.3 ug per millili- 
ter. 

The creatinine clearance in all patients but 1 
was excellent on the first postoperative day and 
generally showed little change on day four (Ta- 
ble 2). 


Comment 


It has been claimed [1] that intraoperative serum 
antimicrobial levels are subinhibitory in pa- 
tents undergoing heart valve replacement. 
Further, it has been demonstrated that this 
period of time is associated with a high inci- 
dence of contamination of the prosthesis [6]. 
Therefore one might question what protective 
role, if any, intraoperative antibiotics have. 
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Fig 2. Postoperative cephalothin levels. Peak serum 
levels were greater with 1 gm than with the 500 mg 
dose of cephalothin: Trough levels were lower with 
the six-hour regimen, and significant accumulation 
did not occur with a four-hour dosage schedule. 


Table 2. Resuits of 24-Hour Creatinine Clearances 





Creatinine 
Postoperative Clearance 
Cephalothin (ml/min) 
Patient Dose 
No. (gm) Day 1 Day 4 
1 05q4h 103.7 98.0 
2 0.5q4h 112.4 bus 
3. 0.5q4h 101.3 76.0 
4 0.5q4h 45.3 87.2 
6 1.0q4h 92.0 102.0 
7 10q6h 127.0 129.7 
8 10q6h 100.4 108.0 
9 10q6h 146.2 126.0 
10 10q4h 135.0 127.0 
11 10q4h 133.8 92.0 
12 1.084h -— T 
13 10q6h 122.0 122.9 





Because cephalothin is an agent commonly 
used and because it is the source of conflicting 
data, a clarification of this antibiotic’s in- 
traoperative levels is of practical importance. 
Our results compare with those of Kluge and 
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Fig 3. Intraoperative cephalothin levels. Although 
some overlap in serum levels was produced by the 1 
and 2 gm dosages of cephalothin, in all cases the 2 em 
dosage gave satisfactory intraoperative levels. Time 
0 represents the completion of the antibiotic infusion. 


co-workers [5] but differ from an earlier study by 
Benner [1]. The current use of smaller amounts 
of blood intraoperatively may account for this 
difference. 

In addition, we observed no significant dete- 
rioration of renal function postoperatively, 
which had been hypothesized by Benner to ex- 
plain the accumulation of some antimicrobials, 
often to toxic levels, in the early postoperative 
period. 

With either a 1 or 2 gm intraoperative dose of 
cephalothin, levels of the antibiotic throughout 
the duration of bypass were adequate to inhibit 
cephalosporin-sensitive gram-positive organ- 
isms, the major cause of prosthetic valvu- 
litis. However, at both dosages, blood levels 
in the recovery room samples were generally 
lower than those required to inhibit sensitive 
gram-negative rods. 

On the basis of our observations with this 
drug, we recommend that an initial dose of 2 gm 
of cephalothin be given adult patients in the 
operating room. In all cases this provided satis- 
factory blood levels throughout the operation 
(Fig 3). One might consider an additional dose 
prior to the completion of the procedure, in view 
of the generally low levels of the recovery room 


INTRA—OPERATIVEL Y 





samples. In the postoperative period 1 gm of 
cephalothin every four hours gives satisfactory 
peak blood levels without significant accumula- 
tion of the drug. We continue such prophylaxis 
until the fourth day, by which time chest tubes, 
endotracheal tubes, and indwelling catheters 
have been removed. With prophylaxis restricted 
to the immediate operative and early postopera- 
tive period, the incidence of adverse drug reac- 
tion and superinfection appears low, and at the 
same time prosthetic valvulitis is not a problem. 
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Cardiac Valve Prostheses, 


Anticoagulation, and Pregnancy 


Raymond Limet, M.D., and Claude M. Grondin, M.D. 


ABSTRACT A series is presented of 7 women who 
underwent cardiac valve replacement and who ulti- 
mately became pregnant. The only infant death was 
that of a premature baby whose mother received oral 
anticoagulants until delivery. The remaining 6 babies 
were normal and survived. One mother died sud- 
denly on the fourth postpartum day and was found to 
have a periprosthetic clot on postmortem examina- 
tion. 

Although a certain risk exists for the fetus whose 
mother receives oral anticoagulants since they cross 
the placental barrier, this risk is far lower than that 
for the mother who does not receive anticoagulation. 
From a prospective point of view, it would appear 
preferable to use prostheses such as the porcine 
heterograft that do not necessitate the administration 
of anticoagulants. 


The long-term benefits of cardiac valve pros- 
theses must be judged in terms of improvement 
in symptoms, in cardiac performance, and, 
above all, in the quality of life. For young 
women the quality of life must surely include 
the possibility of child-bearing and delivery 
without undue risk. Pregnancy may, however, 
present the young mother to be who has a valvu- 
lar prosthesis with a double threat: the first 
stems from the circulatory overload, and the 
second trom the state of hypercoagulability 
present throughout pregnancy [5]. Circulatory 
overload occurring in normal women or in 
those with valvular prostheses and normal ven- 
tricular function will usually respond to diuret- 
ics. However, increased coagulability can be 
hazardous to patients with cardiovascular pros- 
theses, and it increases the need for oral an- 
ticoagulation (vitamin K antagonists, warfarin 
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derivatives) or parenteral anticoagulation 
(heparin). The administration of oral an- 
ticoagulants of the warfarin type, on the other 
hand, may have deleterious effects, especially 
toward the end of pregnancy, since they cross 
the placental barrier and may cause placental 
dislocation and hemorrhage, and endanger the 
life of the fetus. 

The use of heparin has been advocated during 
pregnancy [4] since this high-molecular-weight 
agent does not penetrate the placental barrier. 
Usually parenteral heparin must be adminis- 
tered in the hospital, and thus logistics prevent 
its use throughout pregnancy. Antiplatelet 
agents have been suggested in such circum- 
stances, but their safety and effectiveness re- 
main to be proved. Thus, anticoagulation dur- 
ing pregnancy represents a therapeutic dilemma 
to the physician and surgeon. 

The purpose of this report is to review the 
current literature on this topic and to describe 
our own experience with 7 young women who 
had cardiac valve replacement and who sub- 
sequently became pregnant. These 7 patients 
constitute the largest single series published to 
date. 


Clinical Material 


Clinical data on these patients are presented in 
Table 1. 


Patient 1 


This woman was discovered to have mitral 
stenosis at age 18. She remained asymptomatic 
until her third pregnancy, when she developed 
atrial fibrillation and shortness of breath and 
was given digitalis and diuretics. At age 30 she 
experienced a transient cerebrovascular acci- 
dent, and she underwent mitral valve replace- 
ment (Starr-Edwards Model 6300) one year later. 
Six months afterward she became pregnant for 
the fourth time. Oral anticoagulation with 
vitamin K antagonists was pursued during 
pregnancy. After six months she had a short 
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Table 1. Clinical Data on7 Patients Who Became Pregnant after Implantation of Cardiac Valve Prostheses 


i 


Position of 
Prosthesis 
Patient and Years of Heparini- 
No. Implantation Oral Anticoagulation zation Delivery Complications 
1 Mitral, 1 Until delivery None At 6 mo Death of premature 
child at 24 hr 
2 Aortic, 5 Discontinued prior to None Term, normal None 
pregnancy 
3 Mitral, 4 Inadequate None Cesarian Aortic (saddle) 
section embolus, 
38th wk periprosthetic 
clot; survived 
second 
| replacement 
4 Mitral, 7 Discontinued 1 wk 1 wk prior to Term, normal None 
prior to delivery delivery 
5 Aortic, 6 Discontinued prior to None Term, normal None 
pregnancy 
6 Mitral, 8 Discontinued 1 mo 1 mo prior to Term, normal None 
prior to delivery delivery 
Discontinued early None Term, normal Mother died 


| T Aortic, 5 
during pregnancy 


suddenly third 
postpartum day, 
periprosthetic clot 


eT TT TT NT R A o ————— FPP A —M——Ó PHÁP NR 


labor and gave birth to a premature boy who 
died a few hours later. No postmortem examina- 
tion was carried out. Anticoagulants, which had 
been given until delivery, were resumed four 
days later, and no further event of note ensued. 


Patient 2 


This woman had undergone closure of a patent 
ductus arteriosus at age 10. She also had 
moderate aortic insufficiency and a small ven- 
tricular septal defect. At age 24 she developed 
massive aortic insufficiency secondary to active 
endocarditis and underwent emergency aortic 
valve replacement (Starr-Edwards Model 2300) 
and direct closure of the small ventricular septal 
defect. Four years later, on her physician's rec- 
ommendation, she discontinued taking the oral 
ariticoagulants. She became pregnant the fol- 
lowing year and gave birth to a normal child 
after an uneventful labor. 


Patient 3 

Closed mitral commissurotomy was performed 
in this patient at age 20 for postrheumatic mitral 
stenosis. Eight years later mitral valve replace- 


ment (Bjórk-Shiley) was carried out for recurrent 
symptoms of mitral stenosis. At age 32 she be- 
came pregnant. She took warfarin on an irregu- 
lar basis and was lost to follow-up until she was 
admitted during the ninth month of pregnancy 
in acute pulmonary edema. Her prothrombin 
time was normal. Her condition improved and 
she delivered a normal child through a cesarian 
section. A few hours later a saddle embolus to 
the aortoiliac bifurcation occurred, and the pa- 
tient underwent transfemoral removal of a large 
thrombus. Cardiac catheterization studies, per- 
formed a few days later, showed a gradient of 20 
mm Hg across the mitral prosthesis, and angio- 
grams of the left and right ventricles were compat- 
ible with a large periprosthetic thrombus. Due 
to infection of the abdominal incision, explora- 
tion of the mitral valve was delayed until three 
weeks postpartum. At operation a dumbbell- 
shaped thrombus was found on both sides of the 
disc. The Bjórk-Shiley valve was replaced with a 
Lilehei-Kaster prosthesis. The postoperative 
course was uneventful. Anticoagulation with 
warfarin, which had been started shortly after 
the occurrence of the saddle embolus, was con- 
tinued. | 


339 Limet and Grondin: Cardiac Valve Prostheses, Anticoagulation, and Pregnancy 


Patient 4 

This patient underwent mitral valve replace- 
ment (Starr-Edwards Model 6120) at age 12 for 
severe calcific mitral stenosis. She was given 
warfarin derivatives and was followed closely 
through the hospital’s anticoagulation clinic. At 
age 18 she suffered a transient cerebrovascular 
accident without neurological sequelae. Six 
months later she became pregnant; oral an- 
ticoagulation was continued until one week 
prior to delivery, when she was hospitalized 
and was given intravenous heparin. At the start 
of labor heparin was withheld. A normal child 
was delivered through natural labor, and oral 
anticoagulation was resumed four days later. 


Patient 5 


Aortic valve replacement (Starr-Edwards Model 
2310) had been performed in this patient at age 
17 for congenital aortic insufficiency. Oral an- 
ticoagulants were discontinued six months 
postoperatively. Six years later she became 
pregnant and delivered a healthy child through 
normal labor. No anticoagulants were given in 
the postpartum period. 


Patient 6 


Closed mitral commissurotomy was performed 
in this patient at age 11 for congenital mitral 
stenosis. One year later she developed purpura 
and more prominent signs of mitral insuffi- 
ciency. Mitral valve replacement (Starr-Edwards 
Model 6120) was performed at age 12. Warfarin 
derivatives were prescribed; these were con- 
tinued until, at 19 years of age and in her ninth 
month of pregnancy, she was admitted to the 
hospital for conversion to parenteral heparin 
until labor. A normal child was born through 
natural labor. Oral anticoagulants were resumed 
on the fourth postpartum day. 


Patient 7 


The patient, a 35-year-old mother of six, under- 
went aortic valve replacement (Starr-Edwards 
Model 1200). Four years later she became preg- 
nant and discontinued her oral anticoagulants. 
She delivered a normal child and was given oral 
anticoagulants on the third postpartum day. 
Two days later an unexpected cardiac arrest oc- 


curred and the patient died. Postmortem exam- 
ination showed a recent, friable thrombus en- 
gulfing the struts of the prosthesis. 


Comment 
Lack of Anticoagulation and Risks for the Mother 


Cessation of oral anticoagulants during or prior 
to pregnancy is uncommon and is usually the 
patient's decision, not the physician's. A review 
of the 81 cases reported so far in the literature 
[1-3, 6-8, 11, 14-17, 19, 20] of pregnant women 
with cardiac valve prostheses shows that the 
anticoagulants were stopped before or early 
after conception in only 24 (Table 2). One or 
more thromboembolic episodes occurred in 
6 of these 24 patients (2 died of emboli), while 
3 of the remaining 57 patients who received an- 
ticoagulants had embolic complications. Of the 
9 patients in both groups who experienced 
thromboembolism, 5 were among the 54 pa- 
tients with mitral valve prostheses and 4 were 
among the 22 patients with aortic valve pros- 
theses. No emboli were reported in the 5 pa- 
tients with multiple prostheses. 

Buxbaum and coauthors [1] have indicated 
that uterine blood loss during pregnancy or de- 
livery was no greater in women receiving oral 
anticoagulants. Only 4 patients in their review 
of 50 cases received transfusion: in 3 patients for 
postdelivery hemorrhage and in 1 patient for 
vaginal hemorrhage during pregnancy. Our 
own review of the literature since the report of 
Buxbaum and co-workers disclosed 1 additional 
instance of rectal bleeding, probably unrelated 
to pregnancy or anticoagulation [17]. It is there- 
fore apparent that maternal morbidity is def- 
initely diminished through  anticoagulant 
therapy. Of particular interest in our series was 
Patient 3, in whom cessation of oral an- 
ticoagulants or the haphazard taking of these 
agents was followed by the occurrence of a 
periprosthetic thrombus that led to pulmonary 
edema and a saddle embolus to the aortic bifur- 
cation. The other 2 patients whose anticoagu- 
lants had been discontinued prior to pregnancy 
differ from the former case because both pa- 
tients had. cloth-covered aortic prostheses, 
which are said to be associated with a lower 
incidence of thromboembolism [10]. Still, in pa- 
tients with cloth-covered aortic prostheses the 
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Table 2. Review of Literature, Showing Incidence of Fetal and Maternal Complications 


Associated with Use or Lack of Anticoagulation 


a A UU 





Miscarriage, 
Stillbirth, 
or Neonatal Thrombo- Maternal 
MVR AVR MVR + AVR Death emboli Death 
With- With- With- With- With- With- 
Reference With out With out With out With out With out With out 
No. AC AC AC AC AC AC AC AC AC AC AC AC 
1 (review) 25 8 4 11 1 10 3 4 1 
3 1 
13 1 
15 1 
11 2 
7 1 1 
8 2 
16 1 
6 5 1 1 
2 1 
20 1 f 
17 1 2 2 3 
14 1 
19 1 1 
Present 3 1 3 1 2 1 
study 
Total 45 9 8 14 4 16 0 3 6 1 2 


MVR = mitral valve replacement; AVR = aortic valve replacement; AC = anticoagulant. 


incidence of thromboembolism is higher among 
those not receiving anticoagulants [12]. 

In our own series [12] the incidence of throm- 
boembolism in patients not receiving an- 
ticoagulants was 1 per 100 months of exposure. 
Thus, a pregnant woman with a cloth-covered 
aortic valve prosthesis has approximately one 
chance out of ten of developing thromboem- 
bolism during her pregnancy. It is therefore rec- 
ommended that oral anticoagulation be con- 
tinued in all patients with cloth-covered aortic 
or mitral prostheses, especially women of 
child-bearing age in view of the known hyper- 
coagulability that occurs during pregnancy. 

The present series of 7 patients includes 3 
deliveries under anticoagulant coverage: 2 with 
preplanned conversion to heparin several days 
prior to labor and 1 with continuation of the oral 
medication until delivery. In the last case, 
vitamin K was administered following delivery 
and no unusual blood loss was recorded. In all3 
patients oral anticoagulation was resumed on 


the third or fourth postpartum day, without 
complications. 


Anticoagulation during Pregnancy and Risks for the 
Fetus 

All 16 cases reported in the literature of miscar- 
riage, fetal death, or death shortly after birth 
occurred in women who were receiving oral an- 
ticoagulants (vitamin K antagonists) [1, 6, 7, 17] 
(see Table 1). Placental detachment or internal or 
cerebral hemorrhage accounted for the majority 
of stillbirths and early postnatal deaths. Hirsh 
and associates [4] have shown that birth through 
a cesarian section is associated with a much 
lower incidence of fetal death than birth through 
natural labor. 

The only fetal death in the present series was 
that of a prematurely born child whose mother 
received oral anticoagulants until delivery. 
Death occurred several hours after birth. In the 
remaining 6 cases normal births occurred fol- 
lowing cessation of anticoagulation prior to or 


341 Limet and Grondin: Cardiac Valve Prostheses, Anticoagulation, and Pregnancy 


following cessation of anticoagulation prior to, 
or early in, pregnancy. In the sixth case an- 
ticoagulants either were not taken or were taken 
haphazardly. The postnatal course was unevent- 
ful for the newborn in this case, but not for the 
mother, who experienced pulmonary edema 
and peripheral embolization secondary to the 
presence of a large periprosthetic clot. The single 
fetal death in this series illustrates the additional 
danger of prematurity in women receiving an- 
ticoagulants. Delivery occurred before neutrali- 
zation of the warfarin with vitamin K could take 
place in either the mother or the child. 


Conclusion 

From the review of the literature and our own 
series, itis apparent that the therapy of choice in 
pregnant women with cardiac valve prostheses 
should consist of cessation of anticoagulation 
one to eight weeks before the predicted date of 
delivery and conversion to parenteral heparin. 
Hirsh and associates [4] have suggested chang- 
ing to heparin much earlier, during the first 
trimester, to avoid teratogenic complication [9, 
20, 21]. 

The present review and others before it deal 
with the dilemma of anticoagulants, cardiac 
prostheses, and pregnancy from a retrospective 
point of view, ie, what proved best for women 
who had cardiac valve replacement and later 
became pregnant. The problem often has to be 
approached prospectively in the young woman 
who wishes to have children but, beforehand, 
needs valve replacement. What is the prosthesis 
of choice? The cloth-covered valves constitute a 
step in the right direction but remain far from 
ideal, as they require permanent anticoagula- 
tion. It appears, at the moment, that heterografts 
with porcine valves [18] represent the optimal 
form of valve prosthesis in young women of 
childbearing age. 
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Transcervical Th 


ymectomy with 


the Aid of Mediastinoscopy for Myasthenia 
Gravis: Eight Years’ Experience 

Gudmund Klingen, M.D., Lennart Johansson, M.D., 

Carl-Johan Westerholm, M.D., and Christer Sundstróm, M.D. 


ABSTRACT Fifty-eight patients with myasthenia 
gravis, including 12 children, underwent thymec- 
tomy. Eleven of them (19%) had total stable remis- 
sion and 42 (72%) showed clinical improvement and 
were able to reduce their anticholinesterase medica- 
tion. These two groups combined comprised 53 pa- 
tients (91%). There was no operative or postoperative 
mortality. 

Histopathological examination of the resected 
thymuses revealed a tumor (benign thymoma) in 4 
patients (7%), thymitis in 36 (62%), and no pathologi- 
cal changes in 18 (3196). Patients with few or no ger- 
minal centers tended to achieve remission more 
rapidly than those with numerous germinal centers. 


Opinion concerning the effect of thymectomy in 
the treatment of myasthenia gravis has been di- 
vided. In recent years the indications for this 
operation have increased; nevertheless, the 
sternum-splitting procedure is still most com- 
monly used. 

The aim of this study was to analyze the re- 
. sults of transcervical thymectomy in the treat- 
^ ment of patients with myasthenia gravis and to 
investigate the significance of the presence of 
 germinal centers or a tumor in the thymus at the 
time of thymectomy: 


. Patients 


The study comprised 48 female and 10 male pa- 
. tients, including 12 children aged 2 to 15 years 
(mean, 8.8 vears) (Figure). The ages of the adults 
ranged from 18 to 75 years (mean, 34.5 years). 
Three patients were over 70 years of age at the 
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time of operation. Ten of the 12 children have 
been presented elsewhere [12]. 


Preoperative Evaluation 


All patients were grouped preoperatively ac- 
cording to Osserman's classification [17] (Table 
1). They were further divided into 15-year age 
groups, with both sexes combined, in order to 
study the relation between the preoperative 
clinical situation and age. Three patients had 
ocular symptoms (Group 1), including 2 chil- 
dren; 12 had mild generalized symptoms (Group 
2), including 2 children; 34 had generalized 
moderately severe symptoms (Group 3), includ- 
ing 5 children; 5 had severe generalized symp- 
toms (Group 4); and 4, including 3 children, had 
a myasthenic crisis less than six months before 
the operation (Group 5). Patients with known 
thymomas were excluded. 


Postoperative Evaluation 


The patients were classified postoperatively ac- 
cording to the result of treatment, using the 
categories of Papatestas and associates [18]: 


A: Complete remission. These patients were 
completely free from symptoms without 
medication for at least 90 days. 

A-: Remission. These patients had minimal 
residual symptoms but needed no medica- 
tion. 

B: Marked improvement. These patients had 
mild symptoms and still needed medication, 
but no adjustments of the medication were 
needed. 

B--: Moderate improvement. These patients 
had mild to moderate symptoms that were 
well controlled with medication and only re- 
quired occasional regulation and changes of 
dosage. 

C: No improvement. These patients showed 
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Age at thymectomy of 58 patients. 


no change in clinical category and failed to 
respond to medication. 

D: Deteriorated. These patients were difficult 
to control and entered into a poorer category 
postoperatively or remained in the same cate- 
gory but showed poorer response to medica- 
tion. 

E: Died. 


Categories A— and B— were included in order 
to separate patients with residual symptoms and 


patients with a fluctuating postoperative course. 
The postoperative course was evaluated at 
intervals of three or six months. The follow-up 
period varied from one to eight years. 


Method 
Preoperative Clinical Evaluation 


The diagnosis of myasthenia gravis was made 
by standard diagnostic testing with edro- 
phonium chloride (Tensilon) or neostigmine 
(Prostigmin), the reaction to oral anticholines- 
terase medication, characteristic electromyo- 
graphic findings, the patient’s history, and the 
findings at clinical examination. None of the 
patients had been treated preoperatively with 
steroids. 

The indication for operation was increasing 
need for anticholinesterase. This indication was 
identical in both sexes. Protracted symptoms 
were not regarded as a contraindication. 


Anesthesiological Methods 

During operation an essentially standardized 
anesthesiological regimen was followed in all 
patients. Atropine in a dose of 0.5 mg was given 


Table 1. Preoperative Clinical Classification of Patients with Myasthenia Gravis 


Classification Group 





No. of 
Patient Category and Age (yr) Patients 0 1 2 3 4 5 
Patients without thymoma 
15 and under 11 2 2 5 2 
16—30 20 4 14 2 
31—45 17 1 3 10 2 1 
46—60 4 2 2 
61 and over 2 1 1 
Total 54 3 12 32 4 3 
Patients with thymoma 
(lymphoepithelioma) 
15 and under 1 1 
16-30 
31-45 1 1 
46—60 1 1 
61 and over 1 1 
Total 4 2 1 1 





0— asymptomatic; 1 = ocular symptoms; 2 = generalized mild symptoms; 3= generalized moderately severe symptoms; 4 = 


generalized severe symptoms; 5 — myasthenic crisis. 
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as premedication, and the patient’s usual dose 
of anticholinesterase (tablets) was taken. The 
patient was intubated under deep halothane 
anesthesia without muscle relaxants, and the 
operation was performed under intermittent 
positive-pressure ventilation with 0.5 to 1% 
halothane and nitrous oxide. When the opera- 
tion was completed the patient was extubated 
and allowed to breathe spontaneously. 


Surgical Method 


The operative procedure is based on the recom- 
mendations of Akakura [1], Crile [8], and Car- 
lens and co-workers [4,5]. A horizontal incision 
is made in the jugular fossa, and the straight 
muscles of the neck are retracted. The two 
thymus lobes are then easily visible im- 
mediately in front of the trachea. The thymic 
capsule, which is surrounded by connective tis- 
sue, is then followed. This is important, as dis- 
section is best performed in the layer close to the 
capsule. The only important blood vessel in the 
mediastinal area is the thymic vein, which 
drains into the innominate vein. The thymic 
vein is felt on finger dissection and is easily 
localized on traction of the thymus, so that an 
artery forceps can be applied and the vein li- 
gated. Further dissection can be performed 
under direct vision by means of the medias- 
tinoscope. In 3 patients with a thymoma located 
below the aortic arch, the most caudal adhesions 
were difficult to release from above. This was 
made possible, however, through a supplemen- 
tary parasternal incision in the third intercostal 
space. After the thymectomy the incision is 
closed without drainage. The operation time is 
short, ranging from 25 to 70 minutes with an 
average of 42 minutes. 


Postoperative Care 

The patients were awakened immediately after 
the operation and extubated; none had post- 
operative respiratory support. Thus they could 
be fed orall and were able to take their an- 
ticholinesterase medication at the same inter- 
vals as preoperatively. There were no problems 
with atelectasis. 


Histopathological Examination 


The 58 resected thymus glands were reexamined 
retrospectively, and the occurrence of lymph fol- 


licles, degree of involution, and tumorous 
changes were noted. The examiner performed 
microscopical examination without knowledge 
of the patient's history or postoperative clinical 
course. The occurrence of follicles in the thymic 
medulla and the degree of involution were 
graded from 0 to 3+ according to the categories 
of Perlo and colleagues [19]. 

The tumors generally seen in the thymus in 
patients with myasthenia gravis are benign 
thymomas (lymphoepitheliomas) and consist of 
the two cell types that are normally found in this 
gland, namely, epithelial cells and lymphocytes. 
In myasthenia gravis these tumors often show. 
an epithelial predominance or an even mixture 
of epithelial cells and lymphocytes. By cytologi- 
cal criteria the lymphoepitheliomas are benign 
tumors; they are easily distinguished from other 
tumors in the thymus in which the malignancy 
is evident (carcinomas, seminomas, lym- 
phomas). Occasionally the benign thymomas 
(lymphoepitheliomas) can recur locally despite 
their benign histology, and they may rarely give 
rise to distant metastases [9, 11]. The thymitis 
that occurs in this disease implies an increase in 
the number of lymphocytes in the thymic 
medulla, with formation of a varying number of 
lymph follicles [6, 7]. The histopathological 
classification used in this study has been pre- 
sented elsewhere [20, 21]. 


Complications 


Two patients had to undergo reoperation be- 
cause of minor hemorrhage in the operation 
area. One patient had paralysis of the right side 
of the diaphragm. The function of the dia- 
phragm, however, was normal fifteen months 
after operation. 


Results 

The results of the thymectomies, without con- 
sideration of the length of follow-up or of the 
preoperative group, are presented in Table 2. 
Fifty-three patients (91% of all 58 patients) 
showed remission (A or A—) orimprovement (B 
or B—). There was a higher frequency of im- 
provement among male than among female pa- 
tients, though remission occurred only in 
females (23%; 11 patients). Patients who had 
had symptoms for five years or longer showed a 
high frequency of remission (24%; 5 patients) 


i 
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Table 2. Results of Thymectomy in Patients with Myasthenia Gravis? 








Classification No. with Symptoms 
and Grade No. Male No. Female Total 5 Yr or Longer 
Remission (A, A—) 11 (23%) 11 (19%) 5 (24%) 
Improvement (B, B—) 10 (100%) 32 (67%) 42 (72%) 14 (67%) 
No change (C) 1 (2%) 1 (2%) 
Worse (D) 
Postop death (E) 
Delayed death (E) 2 (4%) 2 (3%) 1 (596) 
Lost to follow-up 2 (4%) 2 (396) 1 (596) 

Total 10 48 58 21 


?Without regard to length of follow-up or preoperative category. 


and also a high frequency of improvement (6796; 
14 patients). The remission was stable and, with 
a few exceptions, permanent. In 3 patients re- 
mission occurred within the first three months 
after the operation, while in the remainder it 
was delayed from one to seven years. In 36% (4) 
of the patients with remission, the delay was 
two years or longer. 

There were no perioperative or immediate 
postoperative deaths, but 2 patients died about 
two years after the thymectomy. One patient 
showed no clinical change after thymectomy. 
Two patients were not available for this investi- 
gation. 

A gradual increase in the percentage of pa- 
tients with remission or improvement was ob- 
served when the results were evaluated at inter- 
vals of one year (Table 3). This trend was noted 


in both sexes and in all clinical categories and in 
patients with both a long and a short duration of 
symptoms preoperatively. A decrease in the 
number of patients in categories C and D was 
noted with time; there were no patients in 
categories C and D after the third postoperative 
year. 

Histopathological studies of the resected 
thymus glands showed no major pathological 
changes in 18 patients (3196) (Table 4). The de- 
gree of involution was essentially in accordance 
with that seen in normal patients. Thymitis, 
mostlv of amild degree, was found in 36 patients 
(6296). In 4 patients (796) a benign thymoma 
(lymphoepithelioma) was discovered. One male 
and 2 female patients had a mixed type of lym- 
phoepithelioma, and 1 female had a lym- 
phoepithelioma of the epithelial type. At reex- 


Table 3. Results of Thymectomy in the First Postoperative Years 


No. of Results (% of patients in each year of follow-up) 
Years Patients in 
Postop Follow-up A A— B B— C D E 
y. 56 7 54 30 9 
1 49 6 57 33 4 
112 46 4 7 54 28 7 
2 41 5 5 63 20 2 5 
3 33 6 6 70 15 3 
4 24 8 71 21 
5 18 6 89 7 
6 12 8 75 17 
7 9 11 78 11 
8 3 33 33 33 


Categories A~E same as in Table 2. 
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Table 4. Myasthenia Gravis without Thymoma (54 patients) 


Germinal Centers 


Sex of 

Patient 0 1+ 2+ 

Male 6 1 1 

Female 12 24 7 
Total 18 25 8 


amination of the resected thymuses and 
thymomas, no definite opinion about the radi- 
cality of the excision could be put forward. 

Patients with no or only few germinal centers 
(0 to 1+) had shorter intervals between thymec- 
tomy and the beginning of remission than those 
with numerous germinal centers (2+, 34-). If the 
frequency of remissions at yearly intervals in 
patients with no or few germinal centers and 
those with numerous germinal centers is com- 
pared, a sharp increase is seen in the former 
group, while the increase in the latter group 
is considerably delayed. 


Comment 


Histopathological changes in the thymus in 
myasthenia gravis have been known since the 
beginning of this century. Two types of changes 
have been observed: about 1096 of patients with 
this disease have a benign tumor (thymoma) 
and about 60 to 7096 have an inflammation 
(thymitis). These changes are not specific for 
myasthenia gravis but are also observed in other 
diseases, especially autoimmune conditions 
[10]. 

The frequency of thymoma in this series of 
patients corresponds approximately to the 10% 
reported by Castleman [6] for a similar group. 
The frequency of thymitis, however, is lower 
than might have been expected from the 72% 
figure given by Castleman. Levasseur and col- 
laborators [14] reported a thymoma frequency of 


37% in 74 resected thymus glands from patients 


with myasthenia gravis. They gave no figures 
for other histopathological changes in their pa- 
tients. Alpert and collaborators (2], in a series of 
79 patients, found 34% with thymoma and 48% 
with thymitic changes. These discrepancies can 
probably be explained largely by differences in 
the indications for thymectomy among patients 
with myasthenia gravis. 


Involution 
34+ 0 1+ 2+ 3+ 
1 1 1 2 5 
6 11 14 14 
3 7 12 16 19 


The significance of germinal centers is far 
from clear. The delay in the beginning of remis- 
sion in our series was proportional to the 
number of thymic germinal centers. The as- 
sumption that the thymus is a seat of prolifera- 
tion of abnormal immunocompetent lympho- 
cytes is in agreement with the observations of 
Papatestas and co-workers [18]. 

In 11 of the 12 children in this series who had 
thymectomy, the clinical effect of the operation 
was very favorable. The youngest child was 2 
years old and 4 children were 5 years old or 
younger at the time of operation. The postopera- 
tive course was uneventful, and the disease 
stabilized satisfactorily. The age at onset of 
symptoms of myasthenia gravis in the juvenile 
form varied from 8 months to 14 years. The 
interval between the onset of disease and 
thymectomy ranged from five months to seven 
years. Five children had an acute myasthenic 
crisis before the operation. 

In 1 child who underwent thymectomy at the 
age of 5 years, no difference was seen clinically 
in the first six months. After this time the dosage 
of anticholinesterase had to be increased. The 
child died in an acute, severe myasthenic crisis 
at 7 years of age. Unfortunately, ectopic thymic 
tissue was not sought at postmortem examina- 
tion. 

In view of the fundamental role of the thymus 
in the development of normal immunocompe- 
tent lymphocytes, it would seem advisable to be 
restrictive with thymectomy during the first 
year of life. After this period, however, the op- 
eration is clearly indicated in children with 
myasthenia gravis. 

There were 46 patients with the adult form of 
myasthenia gravis in this series. The length of 
time between the onset of the disease and 
thymectomy ranged from four months to eigh- 
teen years. Three of the patients in the adult 
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group had had at least one myasthenic crisis 
before the thymectomy. 

Four patients with thymoma have been fol- 
lowed for three to four years. All were markedly 
improved, 1 with complete remission and 3 with 
reduced need for drugs. In spite of the limited 
exposure at operation, recurrence of the 
thymoma could not be proved at the time of 
follow-up in any of the patients. 

This study has shown that thymectomy is very 
effective as a supplement in the treatment of the 
adult form of myasthenia gravis. All patients, 
from the ages of 2 to 73 years, benefited from this 
form of treatment. Remission, once attained, 
persisted in all patients except 2. One of them 
showed no clinical improvement after the opera- 
tion, but the observation time is as yet only one 
year. The other patient, who died, was a woman 
who underwent thymectomy at the age of 21 
years. In the first year after operation there was 
improvement, but subsequently she needed in- 
creased doses of anticholinesterase. Two years 
after the operation the patient died in a severe 
myasthenic crisis. Unfortunately, ectopic thy- 
mic tissue was not sought postmortem in this 
patient. 

Two patients were lost to follow-up. One of 
them is a foreigner whom we know through 
correspondence is well, but we know nothing 
about his neurological or clinical status. We 
have not managed to find the other patient. 

The advantage of transcervical thymectomy is 
that it involves only a relatively minor surgical 
procedure of short duration. The patient is extu- 
bated and wakes up as soon as the operation is 
over and is able to continue to take the an- 
ticholinesterase medication orally. The opera- 
tion results in little pain, and the patient can 
therefore be ambulant as soon as the anesthe- 
sia has worn off. There was no perioperative 
or immediate postoperative mortality in this 
series. 
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Contemporary Management of 
Myasthenia Gravis: The Clinical Role of Thymectomy 


scott L. Faulkner, M.D., Abdolreza Ehyai, M.D., 
R. Darryl Fisher, M.D., Gerald M. Fenichel, M.D., 


and Harvey W. Bender, Jr., M.D. 


ABSTRACT Thirty-six patients with myasthenia 
gravis have been evaluated and treated over the past 
five years. Eleven patients had ocular myasthenia 
gravis and responded well to anticholinesterase 
medications. Twenty-five patients had generalized 
myasthenia gravis, and 22 of them were initially 
treated with anticholinesterase medications; 18 (82%) 
failed to improve or to maintain an initial improve- 
ment on medication, and 14 of these 18 patients 
underwent thymectomy. In addition, 3 patients 
underwent thymectomy as part of their initial treat- 
ment during the later part of this study. All thymec- 
tomies were performed through a median ster- 
notomy. 

All 17 patients manifested sustained improvement 
as judged by a gain in strength and decrease in medi- 
cations. Thymectomy is beneficial in the treatment of 
myasthenia gravis, and it is most efficacious when 
performed early in the course of the disease. 


Enthusiasm for thymectomy in the treatment of 
myasthenia gravis has waxed and waned since 
Blalock[1] reported a beneficial response in 80% 
of a small series of patients. Several large series 
have recently documented an improvement in 
muscle strength in 80 to 9096 of patients with 
myasthenia gravis following thymectomy [3, 11, 
15, 17]. Analysis of the time course of improve- 
ment following thymectomy has suggested that 
young patients with a short duration of symp- 
toms (less than one year) are most likely to 
achieve improvement or complete remission 
[11, 13]. Since the morbidity and mortality from 
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thymectomy in patients with myasthenia gravis 
have decreased significantly [3, 19], it has been 
proposed that thymectomy be performed as an 
initial treatment or during the first year of symp- 
toms [5]. The purpose of this paper is to review 
our clinical experience in the treatment of myas- 
thenia gravis and to assess our results with 
thymectomy performed during the first year of 
illness compared with the response obtained 
when thymectomy is performed later in the 
course of the disease. 


Clinical Material 


The records of 36 patients with myasthenia 
gravis treated at the Vanderbilt University Hos- 
pital during the past five years were reviewed. 
The diagnosis of myasthenia gravis was estab- 
lished using the following criteria: (1) weakness 
of proximal limb or bulbar muscles that wor- 
sened with activity and improved with rest; (2) 
decremental response on repetitive nerve stimu- 
Jation, with improvement or abolition of this 
response following the administration of 
edrophonium chloride; (3) symptomatic im- 
provement with oral anticholinesterase in- 
hibitors; and (4) no clinical or histological evi- 
dence of other muscle disease. The group was 
divided into those patients with primarily ocu- 
lar and those with generalized myasthenia 
gravis. 

Eleven patients had primary benign ocular 
myasthenia gravis characterized by weakness 
limited to the extraocular muscles. This group 
was composed of 6 male and 5 female patients, 
who were treated with anticholinesterase in- 
hibitors alone. All patients responded well to 
these medications, and they will not be consid- 
ered further in this discussion. 

Twenty-five patients had generalized myas- 
thenia gravis. This group was composed of 5 
male and 20 female patients with an.average age 
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of 28 years (range, 2-67 years). The initial 
therapy in 22 patients consisted of anticholines- 
terase drugs (Figure). In this group the duration 
of medical therapy ranged from two months to 
ten years. Fourteen of these 22 patients eventu- 
ally underwent thymectomy (Figure) after fail- 
ing to maintain their initial improvement with 
medical therapy; only 4 of these patients were 
treated medically for less than one year. Re- 
cently, 3 patients have undergone thymectomy 
as their initial treatment. The remaining 8 pa- 
tients (see the Figure) are still on medical 
therapy at the time of this review. The duration 
of follow-up was six months to five years. 
Thymectomy was performed through a me- 
dian sternotomy in all patients. Anticholines- 
terase inhibitors were discontinued eight hours 
prior to operation. In all cases a total thymec- 
tomy with a wide margin of surrounding tissue 
was performed. No patient received preopera- 
tive irradiation, and only 1 was suspected of 
having a thymoma. In the postoperative period 
13 patients were started on alternate-day, 
high-dose steroid therapy (100 mg of pred- 
nisone). Anticholinesterase inhibitors were 
given if the patient had inadequate ventilatory 
effort resulting from the myasthenia gravis. 


Results 


Medical treatment of generalized myasthenia 
gravis was not successful in maintaining remis- 


Management of 25 patients with generalized 
myasthenia gravis. 


sion or improvement in 18 of 22 patients (Table 
1, and 14 of these patients subsequently 
underwent thymectomy. The interval between 
initiation of medical therapy and thymectomy 
was two months to ten years. Of the 8 patients 
who continued on medical therapy, remission 
was accomplished in 1 patient and improvement 
in 3 patients; the remaining 4 patients have not 
improved despite increasing amounts of medi- 
cation. 

There were no operative deaths in the group 
of 17 patients undergoing thymectomy. Five of 
these 17 patients (2 patients receiving steroids 
and 3 patients not receiving steroids) required 
tracheostomy and ventilatory support in the 
immediate postoperative period due to the sev- 
erity of their weakness. 

The results of thymectomy for myasthenia 
gravis are presented in Table 2. All 17 patients 
were either asymptomatic or improved, and all 
continued to use steroids or anticholinesterase 
medications, or both. The mean follow-up 
period after thymectomy was 2.6 years. Of the7 
patients who underwent thymectomy early in 
the course of the disease (4 within the first year 
of medical treatment and 3 as their initial 
therapy), 5 were asymptomatic at the time of the 
most recent follow-up visit. Two of these 7 pa- 
tients had thymectomy early in the course of our 
series and received no steroids postoperatively. 
The remaining 5 patients received steroids in 
the immediate postoperative period. When the 
duration of disease was more than one year at 
the time of thymectomy, only 1 patient was 


Generalized Myasthenia Gravis 


25 


Initial Medical Therapy 


22 


Medical Therapy Thymectomy 


8 14 


Initial Thymectomy 


3 
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Table 1. Results of Medical Therapy 
(Anticholinesterase) in 22 Patients with Generalized 
Myasthenia Gravis 


Condition No. of Patients 
Asymptomatic T 

Improved 3 
Unimproved 18 


Table 2. Results of Thymectomy and Steroid 
Therapy in 17 Patients with Myasthenia Gravis 


Duration of Disease 
before Thymectomy 


Condition < 1 Year > 1 Year 
Asymptomatic 5 1 
Improved 2 9 
Unimproved 0 Q 


asymptomatic and 9 patients were improved. 
This single patient who became asymptomatic 
had developed symptoms of myasthenia gravis 
at the age of 2 months and underwent thymec- 
tomy at 2 years of age. Postoperatively he was 
given prednisone. The most dramatic and im- 
mediate improvement occurred in 2 patients 
who underwent thymectomy as the initial 
therapy for their disease of short duration. Two 
patients in whom the onset of the disease was in 
the seventh decade had some increase in their 
muscle strength but still required medical 
therapy one and one-half and three years follow- 
ing thymectomy, respectively. 

Thirteen patients were started on steroids in 
the immediate postoperative period. A transient 
increase in muscle weakness was obvious in 4 
patients, 2 of whom required a tracheostomy. As 
soon as remission has been induced, the ste- 
roids are slowly tapered over a period of six 
months to one year. Currently 2 patients have 
sustained remission without steroids, and 11 
patients are in varying stages of steroid with- 
drawal. All patients on steroids (13) as well as 
the 4-patients not treated with steroids post- 
operatively require less anticholinesterase 
medication than they did preoperatively. 


Comment 

Initial attempts to influence the course of myas- 
thenia gravis favorably by thymectomy were 
directed at patients in whom an anterior medi- 
astinal mass (presumably a thymoma) was de- 
monstrable on roentgenograms. In 1939 Blalock 
and associates [2] postulated that the thymus 
gland secretes a substance that produces the 
clinical syndrome of myasthenia gravis. Thy- 
mectomy was performed on 20 patients, only 2 
of whom were found to have a thymoma [1]. 
Thirteen of their 16 survivors experienced im- 
provement in their weakness. 

subsequently, several large series of patients 
with myasthenia gravis treated by thymectomy 
were reported [3, 11, 15, 17]. As the experience 
with thymectomy increased, it became possible 
to define subsets of patients who responded dif- 
ferently. Patients who had thymomas in associa- 
tion with myasthenia gravis fared less well than 
did patients without thymomas [4, 6]. Operative 
mortality rates were three times higher in pa- 
tients with thymomas [4, 6]. In addition, 60% of 
one series of patients with thymomatous myas- 
thenia gravis either failed to improve or died 
following thymectomy [4]. Patients with onset 
of myasthenia gravis late in life did not improve 
significantly folowing thymectomy [17]. 

In 1958 Simpson [17] reviewed the large series 
of Sir Geoffrey Keynes in England. The young 
female myasthenic with symptoms of short du- 
ration had the best response to thymectomy al- 
though she was at the greatest risk of developing 
severe, generalized myasthenia gravis. Other 
series from the Mount Sinai Hospital and the 
Massachusetts General Hospital have confirmed 
this favorable subset of patients [11, 13, 15]. In 
1966 Perlo and co-workers [15] reported on a 
group of 1,335 patients with myasthenia gravis 
in whom thymectomy had been performed on 
276 patients. Forty-seven percent of these pa- 
tients had been followed for at least ten years. 
Eighty-nine percent of those patients without 
thymoma who underwent thymectomy were 
either significantly improved or asymptomatic 
compared with only 3296 of medically treated 
controls. 

In extended follow-up of large numbers of 
patients with myasthenia gravis, the onset of 


a 
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clinical improvement or remission has varied 
widely. More than 50% of the patients who ul- 
timately achieved complete remission did so 
two or more years following thymectomy [11]. 
The length of time between thymectomy and the 
onset of remission was directly proportional to 
the number of germinal centers present in the 
thymus gland. Subsequently the number of 
germinal centers was found to correlate with the 
duration and severity of myasthenia gravis [11]. 
The shortest delay in the appearance of both 
clinical [11] and electromyographic [7] im- 
provement was in those patients with few or 
absent germinal centers. The number of patients 
in our study is too small to confirm these obser- 
vations. 

Our series confirms the previously published 
data showing that thymectomy is of benefit to 
patients with myasthenia gravis. Fourteen of 18 
patients (78%) failed to improve or to sustain 
their initial improvement on medical therapy, 
and all of these patients subsequently improved 
following thymectomy. Patients with the 
shortest duration of disease had a greater degree 
of improvement than those with longer duration 
of symptoms. 

Although ACTH or steroids have been em- 
ployed for treating myasthenia gravis for forty 
years [8, 10, 16], recent experimental and clinical 
evidence has shown that remission or signifi- 
cant improvement (90%) occurs following use of 
steroids. Most clinical and experimental studies 
(8, 10, 14] have documented a transient increase 
in weakness, followed by improvement. Since 
the effects of thymectomy are not immediate and 
since steroids induce remission or improvement 
over a relatively short interval, steroids can be 
initiated in the immediate postoperative period 
and gradually tapered. Currently the only avail- 
able means of tapering the steroids is.by trial 
and error. 

Early in the course of our series, patients were 
offered thymectomy when they failed to achieve 
sustained improvement on anticholinesterase 
therapy. As clinical experience accumulated and 
the benefits of thymectomy were realized, there 
developed a tendency to perform thymectomy 
earlier in the course of the disease. The earlier 


the thymectomy is performed, the earlier com- 


plete remission may be anticipated. The longer 
duration of the disease is associated not only 
with delayed appearance of clinical improve- 
ment, but also with a higher incidence of benign 
and malignant thymomas, which in themselves 
are associated with a poor prognosis [13, 17, 18]. 
All thymectomies in this series were per- 
formed using a median sternotomy. Although a 
transcervical approach has been advocated be- 


‘cause itis thought to result in less morbidity and 


mortality [12], these factors are no longer of 
significance in determining the operative ap- 
proach. The mortality and morbidity of thymec- 
tomy are related to the severity of the disease 
and to the preoperative and postoperative care 
of the patient [17]. Recurrences of myasthenia 
gravis or of thymoma following thymectomy are 
related to insufficient removal of the thymus 
gland at the first operation [9, 17]. The full extent 
of thymic tissue may be visualized through a 
median sternotomy, and complete removal is 
assured. 

On the basis of review of both our series of 
patients and the literature, there is sufficient 
evidence that thymectomy performed early in 
the course of myasthenia gravis is beneficial. 
The immediate sense of increased strength 
noted in our patients following thymectomy is 
documented as postoperative anticholinesterase 
and steroid therapy is tapered. 
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Editor's Note 


The papers by Faulkner and co-workers and Klingen 
and his associates confirm the value of thymectomy in 
the treatment of myasthenia gravis. Dr. Faulkner has 
emphasized the role of thymectomy in the overall 
treatment of myasthenia and is encouraged by the 
results of thymectomy performed in the first year of 
the disease. His operative approach, the median ster- 
notomy, is advocated by many thoracic surgeons in 
the United States. 

Dr. Klingen emphasizes the value of transcervical 
thymectomy, even when thymoma is present, a view 
not widely held in the United States. He also uses a 
classification of thymic abnormalities which differs 
from that used by most American pathologists. 
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Prosthesis for Correction of Single Ventricle 
Kit V. Arom, M.D., Ph.D., and Ernesto J. Molina, M.D. 


ABSTRACT A prosthetic right ventricular conduit 
that may be applicablein repair of the single ventricle 
anomaly is reported. The final conduit evolved from 
a series of animal experiments, which are described. 


Repair of the single ventricle anomaly has been 
attempted but is rarely successful. The few ex- 
perimental and clinical reports have described 
separating the pulmonary and systemic intra- 
cardiac circulations by the "ventricular septa- 
tion" technique. Failures have resulted from the 
technical difficulty of the operation, complete 
heart block, and perhaps paradoxical motion of 
the large septal patch. The functional capacity of 
the ventricles with a noncontractile, semirigid 
prosthetic septum is unknown [1-7]. 

This report outlines a series of experiments 
using a pliable prosthetic chamber as a right 
ventricular conduit. The chamber conforms to 
the size and shape of the normal right ventricu- 
lar cavity, contains an inflow valve, and is su- 
tured to the tricuspid annulus and intun- 
dibulum of the right ventricle. The prosthesis, 
which evolved from the experiments to be de- 
scribed, has functioned well for up to nine 
months in dogs with an intact septum. The in- 
ability of adult dogs to tolerate an acute sep- 
tectomy precluded success in dogs with a surgi- 
cally created single ventricle. Theoretically, this 
would not be a problem in clinical applications 
for patients with congenital single ventricle in 
which the right ventricle has been conditioned 
by systemic pressure and the conduction bundle 
is congenitally displaced. 
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Methods 


Conditioned adult mongrel dogs were anes- 
thetized intravenously with sodium pentobar- 
bital, 30 mg per kilogram of body weight. 
Positive-pressure respiration was maintained 
through acuffed endotracheal tube. Intermittent 
ventilation was used during cardiopulmonary 
bypass. Right thoracotomy and bilateral groin 
dissections were performed. An arterial cannula 
was inserted into the left femoral artery. The 
inferior vena cava was cannulated through the 
left femoral vein and the superior vena cava by 
way of the azygos vein. Catheters were ad- 
vanced into the aorta and inferior vena cava for 
arterial and central venous pressure mea- 
surements, infusion of medications, and with- 
drawal of blood samples. 

Total cardiopulmonary bypass was started at 
32°C, and the aorta was cross-clamped. A right 
atriotomy was made parallel to the atrioventricu- 
lar (AV) groove. The tricuspid valve, chordae 
tendineae, and papillary muscles were re- 
moved. In the dogs with a single ventricle, the 
muscular interventricular septum was also re- 
moved, leaving only about 1 cm adjacent to the 
membranous septum. A prosthesis was inserted 
and the outlet was sewn into the distal infun- 
dibular chamber through a transverse ven- 
triculotomy (Fig 1). Particular care was taken not 
to twist the distal portion of the prosthetic con- 
duit. The ventriculotomy was closed and the 
prosthetic valve sewn to the tricuspid annulus. 
The aortic cross-clamp was released and the 
atriotomy closed. The heart usually resumed 
beating without defibrillation. Total cardio- 
pulmonary bypass time averaged 40 minutes. 


Results 


All dogs with an intact septum maintained good 
hemodynamic function without cardiotonic 
drugs. All dogs with single ventricle showed 
fascicular block with AV conduction. Hemody- 
namic variables were usually stable for about 30 
minutes and then gradually showed signs of low 
cardiac output with right ventricular dilatation. 
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Fig 1. Prosthetic chamber being inserted into the 
ventricular cavity through aright atriotomy and 
subpulmonic ventriculotomy. The inlet is sewn to the 
tricuspid ring and the outlet is anchored to the 
subpulmonic area. (PA= pulmonary artery; RA = 
right atrium.) 


These dogs all required cardiotonic drugs. Each 
dog that had had septectomy died within eight 
hours after operation except for 1 that lived four 
days and had been off all medications since 
twelve hours after the procedure. 


Intact Ventricular Septum 

Allograft aortic or pulmonary valves, implanted 
in allograft inferior vena cava or pericardium, 
were used for the initial conduit. Of the 13 dogs 
that were operated on, the longest survivor lived 
seven days. Failure was primarily due to incom- 
petence of the allograft valves in the tricuspid 
position. 


The allograft valves were replaced with a 
Lillehei-Kaster pivoting-disc prosthesis" sewn 
to a pericardial conduit. The inferior vena cava 
was discarded because ot the limitation in size. 
The size and shape of the pericardial chamber 
was tailored to the mold of the right ventricle of a 
normal dog. Five dogs were operated on, and 
the longest survival was five months. Postmor- 
tem examination showed that the pericardium 
had become fibrotic and rigid. 

The third step was done using a Lillehei- 
Kaster valve and a prosthetic chamber made 
from 0.15 mm knitted Dacron fabric. t The 
chamber was completed in the operating room 
just prior to cardiopulmonary bypass. Four dogs 
were operated on. The longest survivors died at 
seven and nine months due to internal bleeding 
resulting from the use of anticoagulants. Post- 
mortem examination showed that the prosthetic 
chamber was still soft, pliable, and covered with 
endothelium. 

Right heart catheterization was performed in 
2 dogs six months after operation and showed 
normal right ventricular pressures and pulmo- 
nary flow (Table 1). Angiograms demonstrated 
sequential filling of the right atrium, prosthetic 
chamber, and pulmonary artery (Fig 2). 


Single Ventricle 

In order to determine whether the conduit 
would function in an animal with a single ven- 
tricle, attempts were made to create a single ven- 
tricle surgically and simultaneously apply the 
prosthetic chamber. Right ventricular hyper- 
trophy was created by banding the pulmonary 
artery in 5 dogs one year prior to the definitive 
procedure. An average right ventricular systolic 


"Medical Inc, Minneapolis, MN 55435. 
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Table 1. Hemodynamic Function Six Months after Insertion of Prosthetic Conduit 


Pressure (mm Hg) 


Animal RA RV 
Dog 1 8 28/9 
Dog 2 10 30/10 


Pulmonary Flow 


PA PA Wedge (L/min/m?) 
26/10 pv 3.8 
32/14 10 3.6 


RA = right atrium; RV = right ventricle; PA = pulmonary artery. 


355 Arom and Molina: Prosthesis for Correction of Single Ventricle 


Table 2. Combination of Grafts and Results 


sss 


Chamber and 
No. of Experiments 


Longest 
Survival 


Comments 


ee 


INTACT VENTRICULAR SEPTUM 


————————————————————— 


AV - IVC (3) 1 wk 
PV + IVC (4) 1 wk 
AV + PE (3) 1 wk 
Py + PC (6) 1 wk 
LK +. PC i5) 5 mo 
LK + DC (4) 9 mo 


Incompetent valve 
Incompetent valve 
Incompetent valve 
Incompetent valve 
Stiff chamber 
Functioning well; 
died from bleeding 


Se eee 


SURGICALLY CREATED SINGLE VENTRICLE 


——————————————————————— 


LK + DC (5) 96 hr 


RV failure 





AV = allograft aortic valve; IVC = allograft inferior vena cava; PV = allograft pulmonary valve; PC — allograft pericardium; 
LK — Lillehei-Kaster pivoting-disc prosthesis; DC — fine-knit Dacron fabric; RC — right ventricle. 





Fig 2. Forward angiogram following injection of 
contrast medium into the right atrium. Subsequently 
the right atrium, prosthetic chamber, and pulmonary 
arteries were opacified. 


pressure of 70 mm Hg was obtained six months 
after banding. A portion of the muscular septum 
was removed and the prosthetic chamber in- 
serted. All animals died shortly after operation 
due to right ventricular failure; the longest sur- 
vival was four days. Postmortem examination 
showed that hypertrophy of the right ventricle 
was not equal to that of the left ventricle. 

Itis probably not hemodynamically feasible to 
create a single ventricle in adult animals. 


Another attempt is being made by banding the 
pulmonary artery in puppies and newborn goat 
kids, and we hope that this will create enough 
right ventricular hypertrophy to simulate the 
clinical situation. Corrective operations will be 
done approximately one year after banding. 


Comment 


The prosthetic device developed was simply 
made of a commercially available prosthetic 
valve and fine Dacron. This chamber can be 
tailored to the size and shape of a right ventricu- 
lar mold in the operating room during prepara- 
tion for cardiopulmonary bypass. The proce- 
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dure involves suturing the prosthetic valve to 
the tricuspid annulus after the tricuspid valve, 
papillary muscles, and chordae tendineae have 
been removed. The outlet of the conduit is su- 
tured just beneath the pulmonary valve. 

This prosthetic chamber has been tested and 
appears to function well in dogs with an in- 
tact septum. Postmortem examinations done 
at seven and nine months showed that the 
chamber was still soft, pliable, and covered with 
a thin layer of endothelium. Attempts to use the 
prosthesis in dogs with a surgically created 
single ventricle were unsuccessful because of 
right ventricular failure (Table 2). This was 
probably related to septectomy and insufficient 
conditioning of the right ventricle rather than to 
the function of the prosthetic chamber as a con- 
duit. The prosthetic chamber that evolved from 
this series of experiments may be a reasonable 
alternative to ventricular septation for repair of 
the single ventricle anomaly. 
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CARDIO-PROBE 


CONDUCTION CARDIOGRAPH/BUNDLE OF 
HIS DETECTOR/ automated-audible 
localization of cardiac conduction tissue/ 
myocardial ischemia/infarction and facilitated 
recording of HIS Bundle Electrograms 


For the 

cardiovascular surgeon 

concerned with. . . 

e congenital cardiac repair 

e infarctectomy/ 
aneurysmectomy 

e revascularization 

e valve replacement 

e electrosurgery 


For the cardiologist 
concerned with. . . 

e HIS Bundle electrograms 
e arrhythmia studies 

e pacemaker selection 


For the investigator 

concerned with . . . 

e conduction-system 
electrophysiology 

e cardiac pharmacology 

e cardiac toxicology 


The CARDIO-PROBE 

includes... 

e an audible pacemaker to 
help establish pacing 

ea conduction 
cardiograph, fully 
patient-isolated, tripolar 
probe included. Adjustable 
gain 40-500 Hz bandwidth 

e Bundle-of-HIS detector, 
with fixed alarm threshold 


References: 


Inputs include. . . 
both tripolar probe and 


tripolar catheter for flexibility 


in use 


Applications include. . . 

e localization of 
Bundle-of-HIS 

e delineation of aneurysms 

e delineation of 
ischemia/infarcts 

e mapping conduction 
pathways 

e recording HIS Bundle 
electrograms 





For more information, 
contact 


Seecor| "inc. 


512 South Freeway 
Fort Worth, Texas 76104 
(817) 338-0451. 
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for staph? 


ostoperative surgical infections 

alve replacement: a procedure that can at 

nce sustain life and predispose to infection. 
Ithough identification of the infectious 
rganism may be difficult, a delay in treatment 
ould result in invasion of the endocardium. 

he implicated organism may be a penicillinase- 

roducing staph. Progression can be swift 

nd devastating. 


iitial antistaph therapy: injection 

's vitally important that effective treatment of 

jacterial invasion begin as soon as possible. 
you suspect the presence of staph and must 

egin therapy before definitive culture results 


is a particularly suitable agent. 


Appropriate specimens for bacteriologic 
studies to determine the causative organisms 
and their susceptibility to nafcillin should be 
taken prior to the first dose of antibiotic. And, if 
those studies subsequently implicate organisms other 
than penicillinase-producing staphylococci sensitive 
to nafcillin, discontinue it and administer the appro- 
priate antibiotic. 


Rapid penetration 

Unipen appears rapidly in plasma following 
intramuscular administration. Penetrates body tissues > 
in high concentrations and diffuses well into pleural, 4 
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Unipen 
(nafcillin sodium) 
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Disc Susceptibility Tests: Quantitative methods that require 
measurement of zone diameters give the most precise estimates of 
antibiotic susceptibility. One such procedure* has been recom- 
mended for use with discs for testing susceptibility to penicillinase- 
resistant penicillin-class antibiotics. Interpretations correlate diam- 
eters on the disc test with MIC values for penicillinase-resistant 
penicillins. With this procedure, a report from the laboratory of 
“susceptible” indicates that the infecting organism is likely to 
respond to therapy. A report of “resistant” indicates that the infect- 
ing organism is not likely to respond to therapy. A report of "'inter- 
mediate susceptibility” suggests that the organism would be 
susceptible if high dosage is used, or if the infection is confined to 
tissues and fluids (e.g., urine) in which high antibiotic levels are 
attained. 

*Bauer, A.W., Kirby, W.M.M., Sherris, J.C., and Turck, M.: Antibiotic 
Testing by a Standardized Single-Discs Method, Am. J. Clin. Pathol., 
45:493, 1966; Standardized Disc Susceptibility Test, FEDERAL REGISTER 
37 :20527 -29, 1972. 

Indications: Although the principal indication for nafcillin sodium 
is in the treatment of infections due to penicillinase-producing 
staphylococci, it may be used to initiate therapy in such patients in 
whom a staphylococcal infection is suspected. (See Important 
Note below.) 

Bacteriologic studies to determine the causative organisms and 
their sensitivity to nafcillin sodium should be performed. 

In serious, life-threatening infections, oral preparations of the 

penicillinase-resistant penicillins should not be relied on for 
initial therapy. 
Important Note: When it is judged necessary that treatment be 
initiated before definitive culture and sensitivity results are known, 
the choice of nafcillin sodium should take into consideration the fact 
that it has been shown to be effective only in the treatment of infec- 
tions caused by pneumococci, Group A beta-hemolytic streptococci 
and penicillin G-resistant and penicillin G-sensitive staphylococci. 
If the bacteriology report later indicates the infection is due to an 
organism other than a penicillin G-resistant staphylococcus sensitive 
to nafcillin sodium, the physician is advised to continue therapy with 
a drug other than nafcillin sodium or any other penicillinase- 
resistant semi-synthetic penicillin. 

Recent studies have reported that the percentage of staphylococcal 
isolates resistant to penicillin G outside the hospital is increasing, 
approximating the high percentage of resistant staphylococcal iso- 
lates found in the hospital. For this reason, it is recommended that 
a penicillinase-resistant penicillin be used as initial therapy for any 
suspected staphylococcal infection until culture and sensitivity 
results are known. 

Methicillin is a compound that acts through a mechanism similar 
to that of nafcillin sodium against penicillin G-resistant staphylo- 
cocci. Strains of staphylococci resistant to methicillin have existed 
in nature and it is known that the number of these strains reported 
has been increasing. Such strains of staphylococci have been 
capable of producing serious disease, in some instances resulting 
in fatality. Because of this there is concern that widespread use of 
the penicillinase-resistant penicillins may result in the appearance 
of an increasing number of staphylococcal strains which are re- 
sistant to these penicillins. 

Methicillin-resistant strains are almost always resistant to all 
other penicillinase-resistant penicillins (cross resistance with ceph- 
alosporin derivatives also occurs frequently). Resistance to any 
penicillinase-resistant penicillin should be interpreted as evidence 
of clinical resistance to all, in spite of the fact that minor variations 
in in vitro sensitivity may be encountered when more than one 
penicillinase-resistant penicillin is tested against the same strain 
of staphylococcus. 

Contraindications: A history of allergic reaction to any of the 
penicillins is a contraindication. 

Warnings: Serious and occasionally fatal hypersensitivity (anaphy- 
lactoid) reactions have been reported in patients on penicillin 
therapy. Although anaphylaxis is more frequent following parenteral 
therapy it has occurred in patients on oral penicillins. These re- 
actions are more apt to occur in individuals with a history of 
sensitivity to multiple allergens. 

There have been reports of individuals with a history of penicillin 
hypersensitivity reactions who have experienced severe hypersen- 
sitivity reactions when treated with a cephalosporin. Before therapy 
with a penicillin, careful inquiry should be made concerning previous 
hypersensitivity reactions to penicillins, cephalosporins, and other 
allergens. If an allergic reaction occurs, appropriate therapy should 


be instituted, and discontinuation of nafcillin therapy considered. 
The usual agents (antihistamines, pressor amines, corticosteroids) 
should be readily available. 

Precautions: As with any potent drug, periodic assessment of 
organ system function, including renal, hepatic and hematopoietic, 
should be made during prolonged therapy. 

The possibility of bacterial and fungal overgrowth should be kept 
in mind during long-term therapy. If overgrowth of resistant organ- 
isms occurs, appropriate measures should be taken. 

The oral route of administration should not be relied upon in 
patients with severe illness, or with nausea, vomiting, gastric dilata- 
tion, cardiospasm or intestinal hypermotility. 

Safety for use in pregnancy has not been established. 

Particular care should be taken with intravenous administration 

because of the possibility of thrombophlebitis. 
Adverse Reactions: Reactions to nafcillin sodium have been 
infrequent and mild in nature. As with other penicillins, the possi- 
bility of an anaphylactic reaction or serum sickness-like reactions 
should be considered. A careful history should be taken. Patients 
with histories of hay fever, asthma, urticaria, or previous sensi- 
tivity to penicillin are more likely to react adversely. 

The few reactions associated with the intramuscular use of nafcillin 
sodium have been skin rash, pruritus, and possible drug fever. As 
with other penicillins, reactions from oral use of the drug have in- 
cluded nausea, vomiting, diarrhea, urticaria, and pruritus. 
Parenteral Administration: It is recommended that parenteral 
therapy be used initially in severe infections. The patient should be 
placed on oral therapy with this product as soon as the clinical condi- 
tion warrants. Very severe infections may require very high doses. 

Intravenous Route: The required amount of drug should be 
diluted in 15 to 30 ml. of Sterile Water for Injection, U.S.P., or 
Sodium Chloride Injection, U.S.P., and injected over a 5- to 10- 
minute period. This may be accomplished through the tubing of an 
intravenous infusion if desirable. 

Stability studies on nafcillin sodium at concentrations of 2 mg/ml 
and 30 mg/ml in the following intravenous solutions indicate the 
drug will lose less than 10% activity at room temperature (70? F.) 
during the time period stipulated: 


Isotonic sodium chloride. ...............ieeeeeeeeee 24 hours 
595 dextrose id WHEL... sn. sce vss nenne 24 hours 
5% dextrose in 0.4% 

sodium chloride solution. .......... cas sss0ve cee s 24 hours 
Ribger s SOM os iuioscoia ce ELA 24 hours 
M/6 sodium lactate solution 

(rone. OF 30 EM cioe eot hm rh n 24 hours 


Discard any unused portions of intravenous solutions after 
24 hours. 

Only those solutions listed above should be used for the intra- 
venous infusion of Unipen® (nafcillin sodium). The concentration of 
the antibiotic should fall within the range of 2 to 30 mg/ml. The drug 
concentrate and the rate and volume of the infusion should be 
adjusted so that the total dose of nafcillin is administered before 
the drug loses its stability in the solution in use. 

There is no clinical experience available on the use of this agent in 
neonates or infants for this route of administration. 

This route of administration should be used for relatively short- 
term therapy (24-48 hours) because of the occasional occurrence of 
thrombophlebitis, particularly in elderly patients. 

Intramuscular Route: The clear solution should be administered 
by deep intraglutea! injection immediately after reconstitution. 
After reconstitution, keep refrigerated (27-8? C.) and use within 
7 days or keep at room temperature (25° C.) and use within 3 days. 
Oral Administration: Beta-hemolytic streptococcal infections 
should be treated for at least 10 days to prevent development of 
acute rheumatic fever or glomerulonephritis. 

If oral therapy is inadequate, resort to parenteral nafcillin sodium. 

After mixing, the oral solution must be stored in a refrigerator. 

Discard any unused portion after one week. 
Supplied: INJECTION (VIALS)—Supplied in vial sizes of 500 mg., 
] gram, and 2 gram nafcillin sodium as the monohydrate, buffered. 
When reconstituted as recommended, the contents of each vial pro- 
vide, respectively, 2-, 4- or 8-ml. of nafcillin sodium solution 
equivalent ger m/. to 250 mg. nafcillin buffered with 10 mg. sodium 
citrate. Film-coated TABLETS—containing nafcillin sodium as the 
monohydrate, equivalent to 500 mg. nafcillin buffered with calcium 
carbonate. CAPSULES—containing nafcillin sodium, as the mono- 
hydrate, equivalent to 250 mg. nafcillin buffered with calcium car- 
bonate. FOR ORAL SOLUTION—Bottle of dry nafcillin sodium as 
monohydrate—powder for reconstitution to provide 100 ml. of 
solution containing nafcillin sodium equivalent to 250 mg. nafcillin 
per 5 ml. 
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Makes a precise circular incision in 
the ascending aorta for performing 
proximal anastomosis for the 
saphenous vein bypass graft. 
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Teflon pledget sutures 


Special Teflon* Pledgets are used as a buttress 
under sutures where there is a possibility of the 
suture tearing through friable tissue, as in vascular 
suturing, septal repair, myocardial and vascular 
closure. 

Deknatel Teflon Pledget Sutures eliminate the 
problems involved in your O.R. Supervisor's cut- 
ting, sterilizing and attaching pledgets. These 
time-consuming, tedious chores sometimes result 
in glove puncture and the necessity for re-gloving 
in the O.R. 

Soft felt or firm felt pledgets in 3 sizes are 
threaded onto 237 needle-suture combinations (all 
Deknatel double-armed cardiovascular sutures) 
in your choice of silk, Tevdek II, ‘silky’ II Polydek, 
‘cottony’ Dacron or nylon on conventional taper 
needles or the Deknatel ‘K’ Needle. “Specials” 
are also available. 


* Tetlon is the registered trademark of DuPont 
tor polytetrafluorethylene. 


Small Medium Large 


I ELLO C 
Nee 4} 





(Actual Sizes) 
ALL SIZES AVAILABLE IN SOFT FELT OR FIRM FELT 


For additional data and complete listings, please see 
your Deknatel representative or write— 





Queens Village, Long Island, New York 11429 












d 
, 





" You see twice as much. Your diagnoses are twice as sure. 


The Olympus Bronchofiberscope has been given an ingenious new set of optics and a fiber bundle with 
double the number of fibers. And that means ultimate resolution. Translation: your views are larger, brighter 
and sharper. Olympus famous one-hand control, light-weight compactness and 260° tip angulation add 
patient comfort and easy insertion. See for yourself why over 92% of all bronchoscopists stay with Olympus. 
Write Olympus Corporation of America, Medical Instrument Division, 2 Nevada Drive, New Hyde Park, New York 1104 
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CELLULAR BRONCHIAL or 
ESOPHAGEAL SAMPLES 
WITHOUT SURGERY 









Cellular samples from either the bronchus, lungs or esophagus, can 
readily be obtained without surgery by using Mill-Rose brushing units. There 
are two models: one of a flexible nature and one more rigid. 

Mill-Rose units can be used with rigid scopes, catheters, or flexible 
Bronchofiberscopes. The disposable brushes are maintained at the distal tip 
of the instrument where they can be easily removed. A convenient handle 
permits the bending of the distal tip for precise brushing. 

With the Mill-Rose brushing units, samples can be obtained from areas 
previously not reachable with conventional instruments and at a minimum of 
trauma to the patient. 
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_ m | The Mill-Rose Bronchofiberscope Cleaning Kit includes 
two nylon brushes to fit all Bronchofiberscope tubes 

| snugly and assure maximum scrubbing action on both 
insertion and withdrawal. Brushes can be sterilized 
un LA or and re-used. Brushes are 2.3 and 3.2 mm. 
AL — Entire kit is packed in sturdy case for only $10.00. 
Dow Refills of “Milladine”® are available immediately 
from Mill-Rose in 4 oz., 16 oz. and 32 oz. bottles. 
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Causes of Death in Aortocoronary 
Bypass Surgery: Experience with 1,000 Patients 


W. J. Keon, M.D., P. Bédard, M.D., Y. Akyurekli, M.D., 


and M. Brais, M.D. 


ABSTRACT Of the first 1,000 consecutive patients 
in our unit to receive aortocoronary bypass grafts, 108 
have died: 32 at operation, 16 in hospital, and 60 late. 
Of 343 patients who had a normal ventricle, only 1 
(0.29%) died at operation, and 2 of the 8 late deaths 
were noncardiac in cause. 

Most operative deaths resulted from low cardiac 
output, and most later deaths were caused by conges- 
tive heart failure. A study of the relation of various 
clinical and operative factors with mortality found 
that patients with congestive heart failure who 
underwent valve replacement and bypass grafting 
had the worst prognosis (73% mortality) while those 
undergoing bypass grafting with Class III or IV ven- 
tricular function (as we define it) and congestive heart 
failure were next (49% mortality). 


Coronary artery bypass grafting for relief of 
myocardial ischemia has increased greatly in 
popularity in the last five years and is now the 
most frequent operation for that problem. It is 
generally believed to be beneficial in relieving 
angina [2,5], and preliminary results show it to 
be more effective than medical treatment [3]. 
Nevertheless, mortality risks of 0.8 to 12% still 
exist with bypass graft surgery, and it is incum- 
bent upon cardiac surgeons to identify the risk 
factors that produce these results. 


Since the most effective means of determining 
prognostic indicators of surgical mortality is to 
examine the causes of death in past cases, we 
have evaluated our findings in the first 1,000 
consecutive patients to undergo aortocoronary 
bypass operations in our unit. 
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Clinical Material 


Between April, 1970, and June, 1975, aortocoro- 
nary bypass graft operations were performed in 
1,000 patients, 108 of whom have died. To the 
best of our knowledge, we have maintained 
100% follow-up of these patients. Thirty-two of 
the deaths occurred within 48 hours of opera- 
tion, 16 patients died between 2 and 21 days 
following the procedure, and the remainder 
died up to four and one-half years later. Ninety- 
two of the deceased patients were men and 16 
were women; their mean age was 52.7 years. 
Eleven of the deceased patients had no symp- 
toms of angina prior to operation, though all 11 
had congestive heart failure. By New York Heart 
Association criteria, 16 patients had Class II an- 
gina, 36 had Class III, and 45 had Class IV. 
Thirty-six patients were considered to be in 
congestive heart failure; congestive heart failure 
is defined in our unit as clinical pulmonary or 
peripheral edema and dyspnea requiring di- 
uretic therapy. Classification of left ventricular 
function is determined by a joint decision of 
cardiologists and cardiac surgeons based upon 
four-segment assessment of the ventricle in the 
right anterior oblique view: Class I, one 
hypokinetic segment; Class II, two segments; 
Class III, three segments; and Class IV, four mal- 
functioning segments. Ventricular classification 
showed that 9 patients had normal ventricles 
whereas 7 had Class I, 21 had Class II, 24 had 
Class III, and 47 had Class IV ventricular dys- 
function. All Class III and Class IV patients had 
an ejection fraction of less than 0.4, and in most 
Class IV patients it was less than 0.2. 
Examination of the number of diseased ves- 
sels and the number that were grafted showed 
that 10 of the deceased patients had single- 
vessel disease, 30 had two-vessel disease, and 68 
had three diseased vessels. Of the 30 patients 
with two diseased vessels, 6 had only one of 
them grafted while 24 had both grafted. Fifteen 
patients with triple-vessel disease received only 
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one graft and 20 had two vessels grafted, while 
the remaining 33 received complete revasculari- 
zation. Five patients had at least 70% stenosis of 
the left main coronary artery. 

Twenty-six of the 108 deceased patients 
underwent the procedure on an emergency 
basis. Sixteen were classified as being in car- 
diogenic shock preoperatively: 12 of them died 
at operation, 2 in the hospital, and 2 later. The 4 
deaths among patients with acute unstable in- 
farction occurred after discharge from the hospi- 
tal. There were 6 deaths among patients with 
preinfarction angina: 3 occurred at operation, 1 
in the hospital, and 2 late. 

Fifty-five of the 108 deceased patients had 
coronary artery bypass grafts alone and 53 had 
combined operations. Of the total 1,000 pa- 
tients, 640 only had grafts and 360 also had as- 
sociated procedures. Table 1 displays this in- 
formation. 


Results 

Our experience with coronary artery bypass 
graft surgery is summarized in Table 2. Of the 32 
operative deaths, 23 were due to low cardiac 
output, 7 to arrhythmia, 1 to thoracic rupture, 
and 1 to valve malfunction. The leading cause of 


hospital deaths (Table 3) was cardiorespiratory 
failure, from which 6 of the 16 patients died. 

Twenty-three of the 60 late deaths (Table 3) 
were caused by congestive heart failure and 13 
by myocardial infarction. Ten deaths were due 
to unknown causes and 6 were noncardiac in 
cause. 

Table 4 shows the ventricular classification of 
the patients. The mortality increased propor- 
tionally with the degree of ventricular dys- 
function: mortality was 2.6% in patients with 
normal ventricles and 53.4% in those with Class 
IV ventricles. In order to determine whether the 
inclusion of emergency patients in this calcula- 
tion made a difference in the findings, the ven- 
tricular classification was calculated separately 
for patients who underwent elective procedures 
(Table 5). The same pattern emerged, with the 
percentage of deaths increasing as the ven- 
tricular function worsened. The mortality in 
emergency patients was fairly similar to that of 
the overall group except in patients with Class 
IV ventricles, in whom there was an 11.3% 
operative mortality and a total mortality of 
43.5% in the emergency patients. 

The causes of death in patients with a normal 
ventricle and those with Class III and IV ven- 


Table 1. Analysis of Deaths by Operative Procedure 


080 00 


Grafts only 640 55 (8.6%) 
Graft and implant 229 18 (7.9%) 
Graft and aneurysmectomy 70 13 (19%) 
Graft and valve replacement 40 15 (37%) 
Graft, implant, and aneurysmectomy 18 4 (22%) 
Graft and VSD repair 2 (100%) 
Graft, valve replacement, and aneurysmectomy 1 1 (100%) 
VSD = ventricular septal defect. 
Table 2. Mortality in Coronary Artery Bypass Surgery to June 30, 1975 
ne eee ———EEeE——eeeee— ri sn 
Deaths 
Bypass Operations No. Operative Hospital Late Total 
Elective procedures 858 15 (1.7%) 15 (1.7%) 52 (6.0%) 82 (9.6%) 
Emergency procedures 142 17 (12.0%) 1 (0.7%) 8 (5.6%) 26 (18.3%) 
Total 1,000 32 (3.2%) 16 (1.6%) 60 (6.0%) 108 (10.8 %) 
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tricular function were compared (Table 6). 
Among patients with a normal ventricle, 1 
operative death was caused by low cardiac out- 
put and 1 late death by congestive heart failure. 
Among deaths in Classes III and IV, 19 operative 


Table 3. Causes of Hospital and Late Deaths 








Death 

Cause Hospital Late 
Congestive heart failure 23 
Myocardial infarction 13 
Unknown 10 
Cardiorespiratory failure 6 
Arrhythmia 3 4 
Pulmonary emboli 3 
Cancer 2 
Accident 2 
Ruptured mycotic aneurysm 2 
Cerebrovascular accident 1 1 
Bronchopneumonia 1 
Hemorrhage 1 
Dissecting aneurysm 1 
Ruptured aorta 1 
Hydrocephalus 1 
Drug overdose 1 

Total 16 60 





deaths were caused by low cardiac output and 15 
late deaths by congestive heart failure. The dif- 
ference in causes of death for these two groups of 
patients seems to show that preoperative ven- 
tricular function is an indicator of the type of 
operative and late death that might occur. 

The autopsy reports of the deceased patients 
were studied to learn the status of their bypass 
grafts. For 51 patients no postmortem examina- 
tion was performed. In 40 patients autopsy re- 
ports showed that all grafts were patent. All of 
the grafts were occluded in 9 patients, while one 
of multiple grafts was occluded in 7. The grafts 
had not been completed in 1 patient who died at 
operation. 


Comment 


We believe that the status of the left ventricle 
prior to coronary artery surgery is the leading 
indicator of mortality. Poor ventricular function, 
as evidenced by Class III or IV ventricular 
classification or by congestive heart failure, was 
the leading cause of death among our patients. 
Patients with a combination of poor ventricular 
classification and congestive heart failure had an 
ominous 49% risk; the mortality for all Class III 
and IV patients was 3396. We also found that 


Table 4. Class of Ventricular Function in All Patients 


SSS M—M aa 


Deaths 
No. of ———————————————————————— 

Class Patients Operative Hospital Late Total 

Normal 343 1 (0.396) 3 (0.9%) 5 (1.596) 9 (2.6%) 

I 171 1 (0.696) 0 (096) 6 (3.5%) 7 (4.196) 

II 274 4 (1.5%) 4 (1.5%) 13 (4.7%) 21 (7.7%) 

III 124 6 (4.8%) 4 (3.2%) 14 (11.396) 24 (19.4%) 

IV 88 20 (22.7%) 5 (5.7%) 22 (25.096) 47 (53.496) 


Table 5. Class of Ventricular Function in Patients Undergoing Elective Operation 


———————————————— a 


Deaths 
No. of 

Class Patients Operative Hospital Late Total 
Normal 294 1 (0.3%) 3 (1.096) 4 (1.496) 8 (2.7%) 
I 157 1 (0.696) 0 (096) 6 (3.896) 7 (4.5%) 
II 233 3 (1.396) 3 (1.396) 12 (5.296) 18 (7.7%) 
III 112 5 (4.5%) 4 (3.696) 13 (11.6%) 22 (19.6%) 
IV 62 7 (11.3%) 3 (4.8%) 17 (27.496) 27 (43.5%) 
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Table 6. Causes of Death in Patients with Normal and Classes III and IV Ventricles 


Se 


Cause of Death 


Patients with normal ventricle 
Low cardiac output 
Pulmonary emboli 
Cardiorespiratory failure 
Accident 
Ruptured mycotic aneurysm 
Congestive heart failure 
Unknown 


Total 


Patients with Classes III or IV ventricle 
Low cardiac output 
Arrhythmia 
Thoracic rupture 
Cardiorespiratory failure 
Hemorrhage 
Bronchopneumonia 
Congestive heart failure 
Myocardial infarction 
Cerebrovascular accident 
Ruptured mycotic aneurysm 
Unknown 


Total 


Deaths 
Operative Hospital Late 
1 
2 
1 
2 
1 
1 
1 
1 3 5 
19 
6 2 4 
1 
5 
1 
1 
15 
8 
1 
1 
7 
26 9 36 
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concomitant procedures such as valve replace- 
ment and bypass grafting carry a heavy mortal- 
ity. The highest risk was found in those patients 
with preoperative congestive heart failure who 
had valve replacements and bypass graft proce- 
dures. The status of the left ventricle predicts not 
only the mortality risk but also the most likely 
causes of death. Nearly half of the deaths in 
Class III and IV patients were due to cardiore- 
spiratory failure or congestive heart failure; only 
2 of the patients with normal ventricles died 
from these maladies. Our findings concerning 
ventricular function are in keeping with those of 
other authors [1, 3-7]. A. J. Kaltman [6] has 
stated, "Operative and late death as well as the 
effectiveness of surgery is closely related to per- 
formance of the left ventricle." 

We have found that early and late mortality 
associated with aortocoronary bypass graft 
surgery is highly predictable. Patients who have 
congestive heart failure, poor ventricular con- 
tractility, or valvular heart disease have a poor 
operative and late prognosis, and a combination 
of two or more of these factors carries an omi- 


nous prognosis. Poor ventricular function has 
proved to be the major factor associated with 
death among the 1,000 consecutive patients who 
underwent bypass graft surgery in our unit. 
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The Hemodynamic Effects of Dopamine 
Following Cardiopulmonary Bypass 


G. Merin, M.D., D. Bitran, M.D., G. Uretzky, M.D., 
E. Superstine, Ph.D., S. Cotev, M.D., and J. B. Borman, Ch.B. 


ABSTRACT The hemodynamic effects of dopamine 
were studied in 19 patients following intracardiac 
operation or myocardial revascularization using ex- 
tracorporeal circulation. The heart rate, mean blood 
pressure, central venous pressure, left atrial and 
pulmonary artery pressures, cardiac output, and 
urine output were recorded before and at the end of 
one-hour infusions of dopamine at 5, 10, and 15 ug/ 
kg/min. Infusion of 5 ug/kg/min of dopamine re- 
sulted in the highest gain in cardiac output and stroke 
work without an increase in myocardial oxygen con- 
sumption, as evidenced by lack of significant rise in 
heart rate. In addition, this dosage was not accom- 
panied by an increase in pulmonary or systemic vas- 
cular resistance, nor were other untoward effects ob- 
served after administration of 5 jg/kg/min of 
dopamine. 


Dopamine is a naturally occurring amine that 
was first synthesized in 1910 [11]. Only recently, 
however, have its hemodynamic and renal ef- 
fects been extensively studied and the drug put 
to clinical use. The increase it produces in car- 
diac output, myocardial contractility, and renal 
blood flow [3, 5, 12], resulting in higher 
glomerular filtration rate and sodium excretion, 
made it an attractive agent in the treatment 
of cardiogenic shock [10], especially when it was 
shown that the rise in cardiac output and con- 
tractility was not accompanied by an alteration 
in either oxygen tension in the coronary sinus 
or lactate extraction [2]. 

The hemodynamic effects of dopamine fol- 
lowing cardiopulmonary bypass have been in- 
vestigated previously [7, 15]. This study was 
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undertaken to determine the dose of dopamine 
that will produce optimal therapeutic effects in 
patients following cardiopulmonary bypass. 


Materials and Methods 


Nineteen patients undergoing intracardiac op- 
eration or myocardial revascularization were 
studied. All were investigated 24 hours post- 
operatively under stable standard conditions. 
Controlled respiration with 10096 oxygen was 
given throughout the study, producing an arte- 
rial Po; level of more than 150 mm Hg in each. 
Patient temperatures ranged between 37? and 
38'C and arterial blood pH between 7.35 and 
7.45. Hemoglobin levels were from 12 to 15 
gm/100 ml. 

Arterial pressure, left atrial pressure, ECG, 
pulse rate, central venous pressure, pulmonary 
artery pressure, and urine output were 
monitored continuously throughout the study 
period. A flow-directed balloon catheter with a 
thermistor tip was floated into the pulmonary 
artery before or at operation. Cardiac output was 
measured by the thermodilution technique, in- 
jecting 10 ml of ice-cold (0°C) 5% glucose in 
water into the right atrium with the thermistor 
in the pulmonary artery connected to a ther- 
modilution cardiac output computer.* Each 
measurement was done in triplicate, with less 
than 5% deviation between readings. 

Peripheral and pulmonary vascular resis- 
tance, stroke volume, and stroke work were cal- 
culated. For stroke work the equation used was: 


Stroke work = 
(mean art. pressure — LVEDP) stroke volume x 13.6 


1,000 


After all variables had been measured under 
basal conditions, dopamine was given intrave- 
nously by a constant-infusion pump at the rates 
of 5, 10, and 15 wg per kilogram of body weight 
per minute. Each dosage was given for one hour, 
starting with 5 ug/kg/min. All determinations 


"Model 601, Instrumentation Laboratories, Watertown, MA. 
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were repeated at the end of each hour. At the end 
of the study period the dopamine infusion was 
tapered off gradually. All results were evaluated 
statistically by Student's t-test. 


Results 


Average pulse rate before the study was 96.3 + 
4.6 beats per minute. There was an increase of 
8.4 + 3.9% above control level at 5 ug/kg/min (p 
< 0.05), 16.2 + 5.4% at 10ug/kg/min (p < 0.01), 
and 19.9 + 5.9% at 15 ug/kg/min. Two patients 
developed tachycardia of 150 beats per minute 
and 2 others experienced multiple premature 
ventricular contractions at 15 ug/kg/min; the 
study was discontinued in all 4 patients at this 
point. 

Mean systemic blood pressure before the 
study was 91.6 + 3.1 mm Hg. At 5 ug/kg/min 
there was an increase of 3.4 + 2.7% (not signifi- 
cant) and at 10 ug/kg/min at rise of 8.6 + 3.9% (also 
not significant). At 15 ug/kg/min the mean sys- 
temic pressure was 9.9 + 3.7% above baseline 
levels (p < 0.05). The central venous, mean pul- 
monary artery, wedge, and mean left atrial pres- 
sures did not change significantly throughout 
the study. 

The initial mean cardiac index was 2.2 + 0.15 
liters/min/m’. It increased by 32.4 + 10.8% (p < 
0.01) from baseline at the low dosage level, by 
32.1 + 11.9% (p < 0.01) at the middle dosage, 
and by 42.7 + 12.8% (p < 0.01) at the high 
dosage. 

Mean stroke volume index was 23.8 + 2 ml/ 
beat/m? initially. At 5 ug/kg/min it increased by 
28 + 10.6% (p < 0.02). At 10 ug/kg/min it was 
17.6 + 12.3% above control values (not signifi- 
cant), and at 15 ug/kg/min it had reached 24.3 + 
7% (also not significant). 

Mean left ventricular stroke work index was 
24.2 + 2.4 gm-mibeatim’ initially and rose by 
34.7 + 12% (p < 0.05), 29.5 + 14.7% (p < 0.05), 
and 40.7 + 21% (p < 0.05), respectively, at the 
three dosage levels. 

Mean systemic vascular resistance index was 
14.1 + 1.2 units/m? initially. At 5 ug/kg/min it 
decreased by 11.8 + 7.6% (not significant). It 
had declined by 2.6 + 13.5% at 10 ug/kg/min (not 
significant) and by 17.5 + 4.06% at 15 wg/kg/min 
(also not significant). 

The mean pulmonary vascular resistance index 
was 2.4 + 0.5 units/m? initially. Values de- 


creased by 7.8 + 10.5%, increased by 2.8 + 3.696, 
and decreased again by 3.9 + 6.2% with the 
different dosages. All these changes were not 
significant. 

The average urine flow was 41.3 + 6.8 ml/hour 
initially. At 5 ug/kg/min it increased by 118.5 + 
22.7% (p < 0.001), at 10 wg/kg/min by 255 + 
69.196 (p < 0.001), and at 15 wg/kg/min by 241 + 
75.5% (p « 0.001). 


Comment 


Since its introduction in the treatment of shock 
in 1966 [10], dopamine has been used with vari- 
ous degrees of success in different forms of 
shock [7]. Low cardiac output following car- 
diopulmonary bypass has responded favorably 
with dopamine treatment [7, 16]. Our study 
group consisted mainly of patients who had a 
cardiac index of 2 liters/min/m’, a value that is on 
the borderline of low cardiac output. Adminis- 
tration of 5 ug/kg/min of dopamine produced a 
significant rise in cardiac output (32% above 
baseline levels). Larger doses of dopamine re- 
sulted in only slightly higher levels of cardiac 
output. 

This rise in cardiac output was not accom- 
panied by an increase in systemic pressure or 
peripheral resistance. A similar response of 
blood pressure and systemic resistance to 
dopamine has also been observed in shock 
states and following cardiopulmonary bypass 
[2, 4]. 

Intravenous infusion of dopamine has been 
shown not to alter coronary sinus Po, or myo- 
cardial lactate extraction in patients with coro- 
nary artery disease [2, 4]. This may be true when 
the infusion of dopamine does not increase 
heart rate [13]. It was found that for a given 
increase in cardiac output, dopamine caused 
much less tachycardia than isoproterenol [6]. All 
these observations show dopamine to be a po- 
tent inotropic agent that does not markedly in- 
crease myocardial oxygen consumption, pro- 
vided that its use is not accompanied by signifi- 
cant tachycardia. 

In our study there was only a mild increase in 
heart rate after infusion of 5 wg/kg/min of 
dopamine; therefore, with the marked rise in 
cardiac output, a significant increase in stroke 
volume occurred. Further augmentation in the 
rate of dopamine infusion was not accompanied 
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by a significant change in stroke volume. Left 
ventricular stroke work also increased, most 
notably after administration of 5 ug/kg/min of 
dopamine. The 2896 increase in stroke volume 
and 34% rise in left ventricular stroke work at 
thelowest dopamine dosage were achieved with 
a modest increase in heart rate of only 8%. 

That there is an increase in pulmonary vascu- 
lar resistance following cardiopulmonary 
bypass is well known [14, 17]. Unlike other 
sympathomimetic agents, which tend to raise it 
even higher [1], dopamine produced no change 
in pulmonary vascular resistance in our pa- 
tients. 

The higher glomerular filtration rate and 
renal blood flow leading to a marked increase in 
diuresis have been well described [12, 15] and 
occurred in our patients. Dopamine infusion in- 
creased hourly urine volume by 118% at 5 ug/ 
kg/min and by 255% at 10 ug/kg/min. 

Very few adverse reactions were observed 
during the study period. Marked tachycardia or 
multiple ventricular ectopic beats occurred in 4 
patients at the infusion rate of 15 ug/kg/min; 
cessation of dopamine abolished these unto- 
ward effects. 

Another side-effect was the development of 
dependency on dopamine, which precluded 
abrupt discontinuation of the infusion. There- 
fore gradual weaning was employed. This ap- 
proach conforms with that of Karliner and 
Goldberg [8], whose patients also developed 
some form of dependency on the drug. 

We conclude that dopamine has favorable 
hemodynamic effects following cardiopulmo- 
nary bypass. An initial dosage of 5 ug/kg/min is 
recommended, as this level is sufficient to cause 
a marked increase in cardiac output due mainly 
to augmented myocardial contractile force with 
only a minimal increase in myocardial oxygen 
consumption. Dopamine does not raise pulmo- 
nary vascular resistance, which tends to be ele- 
vated after cardiopulmonary bypass, and at low 
infusion rates the drug does not cause any un- 
toward effects such as arrhythmias. 
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Repair of Pectus Excavatum in Children 
under 3 Years of Age: A Twelve-Year Experience 
Judson G. Randolph, M.D., William P. Tunell, M.D., 


and Duncan Morton, Jr., M.D. 


ABSTRACT From 1964 to 1975, 50 children under 36 
months of age had operative repair of severely de- 
forming pectus excavatum. No child died or suffered 
a serious complication from the operation. Most 
young children needing early repair of progressive 
pectus excavatum can be identified by 18 months of 
age. Forty-five patients in this series (90%) have had a 
totally satisfactory cosmetic and anatomical result on 
one- to twelve-year follow-up. Early repair of marked 
pectus excavatum in young children is safe and is 
efficacious in providing a suitable body contour. 


Surgical repair of pectus excavatum for cosmetic 
improvement and, on rare occasions, for 
physiological improvement is a universally ac- 
cepted principle [3, 6, 7]. The advisability of 
repair of pectus excavatum at an early age is 
more controversial [1, 9]. This report details ex- 
perience with 50 children under 3 years of age 
who underwent repair of pectus excavatum. The 
period covered by the study is 1964 through 
mid-1975, during which time efforts were made 
to identify young children who would be suit- 
able candidates for repair of their chest defor- 
mity. 


Clinical Material 


Fifty children under 36 months of age under- 
went repair of pectus excavatum at The Chil- 
dren's Hospital- National Medical Center from 
January, 1964, through August, 1975. This rep- 
resents 3696 of the total group of 138 children 
who underwent repair of pectus excavatum dur- 
ing that period. No patients with pectus 
carinatum defects are included in this group. 
Only children with severe pectus deformities 
were selected for operation at this young age. A 
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severe deformity consisted of all of the follow- 
ing: (1) deep or large (or both) sternal depres- 
sion; (2) marked anterior shoulder rotation 
(stooping); and (3) significant abdominal pro- 
tuberance. Coexisting pulmonary or cardiac 
conditions did not affect the decision whether or 
notan operation was to be performed. Thirty-six 
of the patients were boys and 14 were girls. 
Patients ranged from 16 to 35 months of age at 
the time of repair, and all exceeded 9 kg of body 
weight (Table 1). 


Technique 


The operative procedure consisted of transverse 
inframammary skin incision, unitary mobiliza- 
tion of each pectoral muscle, bilateral sub- 
perichondrial resection of the third through 
eighth costal cartilages, and anterior wedge os- 
teotomy of the sternum, which was then fixed in 
place with nonabsorbable sutures. The xiphoid 
was resected to improve the mechanical advan- 
tage of the reattached rectus muscles. Closure 
included sculpting of the sternum to achieve a 
pleasing contour. The pectoral muscles were su- 
tured separately to the anterior aspect of the 
sternum, preserving definition of the individual 
halves of the pectoralis major muscle. No struts 
were used, and all patients had a double-armed 
plastic suction tube inserted below the sternum 
and above the pectoral muscles for drainage. 
Antibiotics were used routinely. Twenty-six pa- 
tients had a blood loss of at least 5 ml per kilo- 
gram and received transfusions. Recent patients 
have been fitted with a lightweight fiberglass 
anterior chest plate, which is worn during the 
day for six weeks following operation. 


Complications 

There were 16 complications in 14 patients (Ta- 
ble 2). Although none of them seriously com- 
promised the final operative result, a number 
were troublesome. Five children had wound in- 
fections, none of which necessitated additional 


365 Randolph, Tunell, and Morton: Repair of Pectus Excavatum in Children under 3 Years 


Table 1. Age at Operation of the 50 Patients 








Age (mos) No. of Patients 
15-17 3 
18-20 10 
21-23 e 
24-26 10 
27-29 8 
30-32 9 
33-35 5 


—————————————————————— 


Table 2. Complications in 14 Patients 
lc — on RE DOREM 


Complication 
T rr n P CP M ee ae 


Atelectasis 7 
Wound infection 5 
Wound seroma 3 
Pneumothorax 1 

Total 16 


——————— 


surgical treatment. One of the 7 patients with 
postoperative atelectasis required bronchos- 
copy during that period. One patient with 
symptomatic pneumothorax did not respond to 
chest aspiration and required a chest tube. 


Results 


The 50 patients have been followed postopera- 
tively from one to twelve years with an average 
follow-up of 6.3 years (Table 3). No patients 
have died. Forty-five patients were classified as 
having a good result from their operative repair. 


Table 3. Duration of Follow-up of the 50 Patients 





Length of Follow-up (yr) No. of Patients 


12 
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A good result is defined as satisfactory repair of 
the sternal depression, shoulder rotation, and 
abdominal protuberance, with a satisfactory 
cutaneous scar. No patient had a bad result. 
Five patients have been judged as having only a 
fair result. Scar revision was required in 2 pa- 
tients, and 3 children approaching adolescence 
developed increasing prominence of the second 
costal cartilages. One of the latter had local exci- 
sion of these cartilages, and 2 await the same 
procedure. 


Comment 
The indications for operative repair of pectus 
excavatum were cosmetic or postural-ortho- 
pedic in all our patients. None had objec- 
tive cardiac or respiratory indications for the 
operation. Other authors have noted that the 
severe or progressive form of pectus excavatum 
can be identified early in childhood [2, 5]. The 
features of pectus excavatum to be evaluated 
prior to operation consist of a sternum markedly 
displaced posteriorly with diminished chest 
depth, marked inspiratory paradoxical motion, 
kyphosis with anteriorly rolled shoulders, and a 
pot belly. When these findings are severe or 
progressive, an accurate assessment of ultimate 
benefit from operation can be made in most 
instances by 15 to 18 months of age. Surgical 
treatment then awaits the child's growth to ap- 
propriate body size, which we have arbitrarily 
set at a minimum body weight of 9 kg. Mild de- 
pression of the sternum and a modest posterior 
tilt of the xiphoid are variants of pectus ex- 
cavatum that need a period of observation prior 
to operation. Unless the defect becomes more 
pronounced, operation is not indicated and 
should not be performed at this young age. 

These 50 reported children represent 4096 of 
the total group of young children (under 3 years) 
seen and evaluated for pectus excavatum during 
the study years. Twenty percent of those young 
children seen were discharged as having mini- 
mal defects. Half of the remainder represent 
those children followed for further definition of 
the progression of their deformity. Some have 
subsequently had surgical repair when they 
were more than 36 months of age. 

No child died or became seriously ill as a re- 
sult of the surgical procedure. Complications at 
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this early age were minor and were completely 
correctable. Unlike some authors, we found this 
procedure safe and, with minor variations, 
suited to the entire group of patients [8]. We 
strongly recommend the complete operation for 
this severely affected group of young patients, 
and we are convinced that lesser procedures are 
contraindicated [4]. Operation at this early age is 
easier technically, less time consuming, and less 
debilitating than in older children or adults. No 
internal supports or struts were used in this 
series; they do not seem an important feature in 
operative repair in this age group. Most of these 
toddlers are extremely active; thus the fitting of a 
lightweight fiberglass anterior chest plate, to be 
worn during daytime activity, has been a reas- 
suring measure, protecting the child’s operative 
site. 

Thus far, follow-up discloses that early repair 
in these patients has a salutary effect on the 
upper skeleton during these important growing 
years. No patient has had loss of sternal eleva- 
tion. Unsatisfactory results in the form of wound 
infection and unsightly scar formation have oc- 
curred in 2 patients, and 3 others have experi- 
enced preadolescent overgrowth of the second 
costal cartilages. The original operation should 
not include resection of the second costal cartil- 
age; local excision of these cartilages can be done 
in that small proportion of children who will 


subsequently need it. Longer follow-up of this 
group of patients is necessary, but significant 
benefits in growth, development, and self- 
image have already accrued from reparative op- 
erations in this selected group of severely af- 
fected children. 
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Open-Heart Surg 


ery in Jehovah's 


Witnesses: Experience in a Canadian Hospital 


Pandurang V. Kamat, M.B., M.S., C. B. Baker, M.D., F.R.C.S.(C), 
J. K. Wilson, M.D., F.R.C.P.(C), and D. C. Finlayson, M.D., F.R.C.P.(C) 


ABSTRACT Jehovah's Witnesses have religious be- 
liefs precluding the use of blood. Few centers have 
attempted open-heart surgery bound by such stric- 
tures; as a result, availability of therapy for such 
patients has been limited. Many groups that have ex- 
tensive experience with hemodilution for cardiopul- 
monary bypass have noted that these procedures can 
often be done with little or no use of blood. Our 
experience with 21 adult patients is presented in this 


paper. 


Jehovah's Witnesses are a religious sect known 
for their refusal to receive blood transfusions [4]. 
Consequently, many such patients were in- 
itially denied the benefit of procedures involv- 
ing cardiopulmonary bypass because blood was 
considered necessary for priming the pump- 
oxygenator or for postoperative treatment of the 
patient. Growing experience with hemodilution 
techniques has made open-heart surgery possi- 
ble in these patients. Despite several favorable 
reports, and despite many procedures done 
without blood on non-Jehovah's Witness pa- 
tients [3], only a few centers regularly perform 
open-heart operations on Jehovah's Witnesses 
[1, 2, 5]. The following is our experience in this 
area. 


Patient Data 


From March, 1970, through June, 1976, 30 opera- 
tions using a pump-oxygenator were performed 
on 30Jehovah's Witnesses at St Michael's Hospi- 
tal. There were 13 men aged 18 to 59 years (mean, 
38.4) and 17 women aged 14 to 60 years (mean, 
38.8). The procedures are listed in Table 1. 
After preoperative evaluation the patients 
were brought to the operating room. Anesthesia 
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was induced with a combination of droperidol, 
diazepam, and either thiopental or ketamine; 
intubation was facilitated using succinyl- 
choline. Anesthesia was maintained with ni- 
trous oxide, oxygen, narcotics, and relaxants, 
with halothane as required, primarily for the 
control of hypertension. 

A bubble oxygenator primed with lactated 
Ringer's solution was used for cardiopulmonary 
bypass. Tris buffer was added to the prime in 
the majority of cases and supplemented as re- 
quired to maintain satisfactory acid-base status. 
In the remaining cases comparable amounts of 
bicarbonate were used. Moderate hypothermia 
was used except for patients undergoing mitral 
valvotomy or closure of atrial septal defects. 
Bypass was established by cannulation of the 
cavae in 28 patients and of the right atrium in 2 
patients, the latter having aortic valve replace- 
ment. Arterial return was through the femoral 
artery in the first 3 patients and the ascending 
aorta in the remainder. Lactated Ringer's solu- 
tion was added to the oxygenator to maintain a 
stable level, and minimal supplemental fluids 
were given parenterally. These patients were 
studied retrospectively: as a consequence, not 
all the indices noted were available for every 
patient. 

Hematocrit values during hospitalization are 
shown in the Figure. The preoperative averages 
of 40.7% fell to 24.1% during the pump run and 
then rose the next day to 33.996. There was a 
gradual decline until the fourth day, followed by 
a rise which reached an average of 30.596 on the 
tenth postoperative day. 

The infused crystalloid load varied from 2 to 
10 liters (Table 2). In 25 patients for whom in- 
formation was available, 15 received less than 6 
liters and 10 received from 6 to 10 liters of crystal- 
loid during the operation, with a mean of 5.5 
liters. The extracorporeal circuit contents were 
gradually returned to the patients at the end of 
the procedure, and a diuretic was used to pro- 
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Table 1. Operative Procedures in 30 Patients 
Undergoing Open-Heart Surgery 





Procedure No. of Patients 





Suture closure of atrial septal 5 
defect 
Open mitral valvotomy 
Mitral valve replacement 
Aortic valve replacement 
Aortic valve replacement and 
bypass 
Aortic and mitral valve 2 
replacement 
Subaortic left 1 
ventriculomyotomy 
Aortocoronary bypass graft 11 
LAD 6 
RCA and LAD 3 
RCA and LAD with 1 
endarterectomy of both and 
repair of left ventricular 
aneurysm 
RCA, LAD, and CX with 1 
endarterectomy of all 3 and 
repair of left ventricular 
aneurysm 


mM U 4 W 





LAD = left anterior descending coronary artery; RCA = right 
coronary artery; CX — circumflex coronary artery. 


HAEMATOCRIT 





DAY POST-OP 


PUMP 


Hematocrit values during hospitalization. 


mote diuresis and minimize the resulting 
hypervolemia. Mean intraoperative urine out- 
put was 1.8 liters. 

The operative blood loss was less than 500 ml 
in all patients. 

There was a wide variation in the difference 
between the crystalloid received during opera- 
tion and the sum of urine output and blood loss, 


but the majority of patients displayed a positive 
balance of less than 5 liters. The largest portion 
of this positive balance was removed by vigor- 
ous diuretic therapy by the end of the day of 
operation, with a concomitant rise in hemato- 
crit. Fourteen patients excreted 2 to 4 liters of 
urine (average, 2.1) during this period. 

The chest drains were removed on the second 
postoperative day. Chest tube loss was less than 
500 ml in 10 patients, between 500 and 1,000 ml 
in 15, and between 1,000 and 1,500 in 5 others. In 
1 patient who had a single aortocoronary bypass 
graft, the chest tube drainage was 2,700 ml. Dur- 
ing the first six hours postoperatively it was 
noted that the draining material had become 
serous, with a hematocrit value of 3%; despite 
this relatively large volume of drainage, the pa- 
tient’s hemoglobin and hematocrit dropped 
only to 10.2 gm/100 ml and 29.8% on the fourth 
postoperative day from preoperative values of 
15.7 and 45%, respectively. 

Cardiopulmonary bypass time is shown in 
Table 2. Eighteen of 30 patients were on bypass 
for less than 90 minutes, the remaining 12 for 100 
to 245 minutes. The total operative time was less 
than three hours in 10 patients, between three 
and four hours in 8, and between four and five 
hours in 12 others. 

Hospital stay for Jehovah's Witnesses was no 
longer than for any other patient following a 
cardiac operation. Twenty-six were discharged 
by the end of the third postoperative week. The 
only significant operative complication was 
cerebral embolism in 1 patient after mitral valve 
replacement. She recovered completely from left 
hemiparesis prior to discharge from the hospital 
four weeks later. There were no deaths in this 
series. 


Comment 

Jehovah's Witnesses are a group of approxi- 
mately two million people, 750,000 of whom live 
in North America [4]. With this population, sur- 
geons in many institutions will at some time be 
confronted with a Jehovah's Witness requiring a 
major operation without the security afforded 
by possible transfusion. The surgeon is then 
faced with both a moral and a legal dilemma. In 
general, our society guarantees medical treat- 
ment to everyone while assuring the physician 
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Table 2. Fluid Status and Length of Procedure 
ee ee € 9 


T 


Variable Minimum Maximum Mean 

Operative blood loss (ml) 100 500 336 

Total chest drain loss (ml) 50 2,700 825 

Intraoperative infusion 2,200 9,500 5,488 
volume (ml) 

Intraoperative urine output (ml) 600 3,800 1,828 

Intraoperative positive fluid 800 5,850 3,314 
balance (ml) 

Urine output, remainder of 950 3,100 2,129 
operative day (ml) 

Bypass time (min) 17 190 78 

Total operative time (min) 100 300 205 
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freedom to practice with few binding con- 
straints in the design of a therapeutic program. 
The physician has the right to refuse to accept 
any patient who applies such binding con- 
straints. However, if he does undertake the pa- 
tient's care, he also accepts the implied moral 
and legal obligations. For adult Witnesses the 
position is clear; the transfusion of an adult 
Jehovah's Witness against his expressed consent 
constitutes assault. In the case of minors the 
decision of the parents should be considered, 
although few courts would hold it binding. 

The preoperative investigation of a Jehovah's 
Witness differs little from that of any other pa- 
tient. Routine iron-storage studies or screening 
for bleeding disorders is no longer performed. 
Although the preoperative hemoglobin concen- 
tration in our patients was usually within nor- 
mal limits, values as low as 10.7 gm in 1 patient 
and less than 15 gm in 3 others did not preclude 
operation. 

In our experience patients with chronic heart 
failure and shunts tend to have increased blood 
volume without anemia, thus providing an en- 
larged red cell mass for potential blood loss re- 
lated to the operation [3]. However, even pa- 
tients with normal preoperative blood volume 
and red cell mass values are able to tolerate a loss 
of up to 20% of the circulating blood volume. 
When unavoidable operative and postoperative 
blood losses can be kept within this range, the 
margin of safety is increased with electrolyte 
replacement solutions. There is a tendency for 
acute hypervolemia to occur as the contents of 
the pump-oxygenator are being returned to the 


patient at the end of bypass. This is monitored 
by the observation of heart size and venous 
pressure and is treated by the aggressive use 
of diuretics. The hematocrit, reduced by 
hemodilution, begins to rise with diuresis and 
reaches stable levels in the early postoperative 
hours. We have not monitored left atrial pres- 
sures. Dextran was not used in our patients for 
fear of interfering with coagulation and thus 
increasing the risk of blood loss. The operative 
technique varies from the routine only in the 
extra effort made to minimize blood loss and 
return all the oxygenator contents to the patient. 
Hemostasis is best done while "going in," 
which makes "coming out" easier. Minor 
periosteal and superior mediastinal bleeding 
points are electrocoagulated. Heparin is given 
just before cannulation unless gross bleeding 
necessitates earlier use to permit conservation of 
the shed blood. The definitive part of the opera- 
tion is done in the routine manner with no at- 
tempts to shorten the operative time. Heparin 
reversal with protamine follows venous decan- 
nulation and control of any significant bleeding. 
The time necessary for heparin neutralization is 
utilized for hemostasis and return of the 
oxygenator contents to the patient. 

The intraoperative blood loss was less than 
200 ml in all cases. In the immediate postopera- 
tive period electrolyte solutions were used to 
maintain adequate filling pressures. Oral iron 
therapy was then started as early as possible. 

Hemodilution using electrolyte primes pro- 
duces the least disturbance of body composition 
and would now seem to be the most common 
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method of management, at least for adults dur- 
ing cardiopulmonary bypass. A further stimulus 
to its acceptance has been increasing conscious- 
ness of the possible complications of transfu- 
sion, especially when commercial blood banks 
are used. A further factor has been the heavy 
demand for blood due to the marked increase in 
aortocoronary bypass surgery. This has resulted 
in a review of the indications for blood transfu- 
sion in association with this type of procedure. 
Good experience with the postoperative be- 
havior of these Jehovah’s Witnesses, despite 
their low hematocrit values, has prompted us to 
challenge our past practice of ready use of trans- 
fusions. The result has been a continuing de- 
cline in the average number of transfusions, 
with consequent conservation of blood. Our ex- 
perience and that of others [2] shows that the 
inability to use blood has not militated against a 


successful outcome in open-heart surgery in 
Jehovah’s Witnesses. 
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CASE REPORT 


Teflon Embolization to Pulmonary Arteries 


Jerry Weingarten, M.D., and Shirley L. Kauffman, M.D. 


ABSTRACT A previously unreported complication 
of cardiac surgery, embolization to the lungs from 
Teflon pledgets, is presented. The pathological 
changes found in the pulmonary arteries postmortem 
are described and their possible clinical significance 
is discussed. Properties inherent in Teflon are impli- 
cated in the origin of the embolization. 


Embolization of Teflon originating in the cover- 
ing of prosthetic heart valves has been described 
as secondary to cloth wear [1]. In these instances 
systemic Teflon emboli have caused infarcts of 
the brain, kidney, spleen, and heart [6]. Teflon 
pledgets, another potential source of Teflon em- 
boli, are used widely in cardiovascular surgery 
as buttresses under sutures. This report presents 
the findingsin a patient who experienced Teflon 
embolization to the lungs following the use of 
Teflon pledgets in the repair of a ventricular 
septal defect. A search of the literature of the 
past 10 years, including several recent review 
articles [2, 7], failed to disclose a single prior 
instance of such a complication. 

A 14-month-old black boy had been found to 
have a heart murmur at 1 month of age. Cardiac 
catheterization showed a ventricular septal de- 
fect with pulmonary hypertension, and at 3 
months of age pulmonary artery banding was 
performed. He was subsequently hospitalized 
elsewhere several times for recurrent pulmonary 
infections. 

On this last hospitalization he was admitted 
for possible staphylococcal pneumonia; on re- 
covery he underwent cardiac catheterization 
that showed a left-to-right shunt at the ventricu- 
lar level. The pressure in the right ventricle and 
pulmonary artery proximal to the band was 
equal to the systemic artery pressure. Distal to 
the band the pressure was 40 mm Hg. 
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At operation a very large ventricular septal 
defect posterior to the septal leaflet and partially 
covered by the papillary muscle was found. In 
repairing the septum, eight sutures of 3-0 Dacron 
were passed around the edges of the defect. Tef- 
lon pledgets* were used under several of the 
sutures to provide tissue support, and a patch of 
Dacron was sutured into the defect. The pulmo- 
nary artery was explored and found to be con- 
stricted to less than 10 mm in diameter at the site 
of the banding. The band was removed and the 
constricted area was widened to 14 mm by Da- 
cron patch graft angioplasty. 

Postoperatively the patient had severe pul- 
monary insufficiency necessitating respirator- 
assisted ventilation with high oxygen flow for 
the first three weeks. He was then weaned off 
the respirator onto room air. Gram-negative or- 
ganisms were cultured from aspirated tracheal 
fluid, and he was given gentamicin. His respira- 
tory function appeared to be improving gradu- 
ally, but in the fifth week after operation he 
began having recurrent episodes of acute respi- 
ratory distress. On the forty-fourth postopera- 
tive day he had an apneic spell from which he 
could not be resuscitated. 


Postmortem Findings 


On external examination the heart was enlarged 
(150 gm) and had a 1 X 1 cm Teflon-felt pledget 
embedded in the epicardium and myocardium 
at the apex. Both ventricular chambers, the right 
atrium, and the right ventricular outflow tract 
were dilated. Both the right and left ventricular 
walls were hypertrophied to 1 cm in thickness. 
The leaflets of the tricuspid valve were markedly 
thickened; the other valves were normal. There 
was a 1 X 1.5 cm prosthetic Dacron patch graft 
covering a defect on the upper posterior part of 
the ventricular septum. The posterior border of 
the graft was loosely sutured and patent. Two 
Teflon pledgets, each measuring 0.5 X 0.5 cm, 
were found sutured in place between the Dacron 


"Cut to size during the procedure from a sheet of soft, pliable 
Teflon felt 3 mm thick. 
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graft and the septal tissue. On the main pulmo- 
nary artery just above the cusps of the pulmo- 
nary valve there was a 2 X 1 cm Dacron patch 
graft. Teflon pledgets were sutured onto the ex- 
ternal aspect of the pulmonary artery along the 
line of repair. Examination of the lungs revealed 
extra fissures and a gray-purple, smooth pleura. 
All the lobes had increased consistency and on 
cut section had a granular surface. No areas of 
infarction were seen. 


MICROSCOPICAL EXAMINATION. Multiple ran- 
dom sections were taken from all lobes of the 
lung. Evidence of Teflon embolization was 
noted in each lobe. There were organized 
thrombi associated with Teflon particles in a 
small proportion of the medium and small pul- 
monary arteries. Many of these arteries were 
fibrosed and recanalized (Fig 1). Other arteries, 
including large vessels with and without mural 
thrombi, showed acute inflammation and mul- 
tinucleated giant cells, indicating more recent 
embolization (Fig 2). The foreign material was 
identical to that found around the areas of surgi- 
cal repair where Teflon pledgets had been used 
(Fig 3). While the number of individual arteries 
involved could not be determined, the fact that 


Fig 1. Anorganized granuloma in a pulmonary 
artery associated with a Teflon particle is shown. The 
adjacent internal elastica has been disrupted and the 
lumen is narrowed. (Verhoeff—van Gieson; original 
magnification X100.) 


several arteries in each section were affected 
speaks for the widespread distribution of the 
emboli. In addition, the medium-sized pulmo- 
nary arteries showed medial hypertrophy and 


Fig 2. Teflon particles are seen in the lumen and in the 
wall of a medium-sized pulmonary artery. A 
multinucleated giant cell is seen in association with 
one of these. Note the severe intimal fibrosis, which 
has resulted in a narrowed vascular lumen. 
(Trichome; original magnification X100.) 





Fig 3. A section taken through a Teflon pledget shows 
the fibers in cross-section. The Teflon fibers are 
identicalto the foreign material found in the 
embolized pulmonary arteries. (H & E; original 
magnification X100.) 
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some had severe intimal thickening, reflecting 
the pulmonary hypertension. The lungs also 
showed focal calcification of alveolar walls, ex- 
tensive fibrosis, and focal atelectasis. 


Comment 


Teflon embolization to the pulmonary arteries 
has not been previously described. The source 
of the emboli in this case was the Teflon pledgets 
used in the repair of the patient’s heart defects. 
The embolization resulted in the organization 
and obstruction of some medium and small 
pulmonary arteries. It cannot be stated that this 
effect was of sufficient degree to cause elevation 
of the pulmonary vascular resistance and 
thereby aggravate the preexisting hypertension. 
However, the fact that it was a continuing pro- 
cess, showing different stages from acute to 
chronic, indicates that, if the patient had lived 
and the embolization had continued, significant 
vascular obstruction might have resulted. 
Previous reports showed that systemic Teflon 
emboli could occlude peripheral arteries and 
cause infarcts in the surrounding tissues. The 
resulting fibrosis and organization often ob- 
scured the underlying inflammatory changes in 
the embolized vessels [6]. However, as dem- 
onstrated in the coronary arteries [3] and now in 
the pulmonary arteries, Teflon emboli may also 
give rise to an acute inflammatory reaction that 
heals with obliterative intimal proliferation and 
fibrosis. This finding is not surprising; even 
though it is the most inert of all the known 
synthetic materials, Teflon is capable of causing 


a major foreign body reaction [5]. Fragmented 
Teflon fibers are particularly irritative [6]. 

In the case of prosthetic valves, Teflon-fiber 
fragmentation and embolization can easily be 
attributed to repeated trauma to the cloth- 
covered struts of the valve from the hard poppet 
[1]. With Teflon pledgets the mechanism of em- 
bolization is less apparent. It may be related to 
the tendency of Teflon fibers to unravel because 
of their inherent inertness and lack of adhesive- 
ness to each other [4]. The frequency of Teflon 
pledget embolization is now known, but the 
possibility that it might contribute to some in- 
stances of postoperative respiratory distress 
should be considered. 
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NOTE 


Hemolysis due to Chemical 


Contamination of Clinical Perfusion Apparatus 


Douglas F. Larson, M.S., Bruce Mayall, M.S., and Robert M. Anderson, M.D. 


ABSTRACT A chemical contaminant found on the 
interior surface of the extracorporeal apparatus man- 
ufactured by the William Harvey Corporation was 
believed to have caused severe hematuria in 2 chil- 
dren. The biological activity of the contaminant was 
tested by mixing 50 ml of whole blood in contami- 
nated cardiotomies; after 5 minutes of exposure 
lysis of one-sixth of the red blood cells was 
found. This hemolytic agent was concluded to be 
bisphenol A dissolved in an organic solvent, but the 
mechanism of contamination was never found. 


Two children who underwent open-heart opera- 
tions developed severe hematuria at the onset of 
cardiopulmonary bypass and continued to have 
hematuria into the postoperative period. The 
hematuria could be explained by chemical con- 
tamination of the interior polycarbonate sur- 
faces of the disposable William Harvey car- 
diotomy reservoirs. 


A 14.2 kg 3-year-old girl underwent open- 
heart operation for the removal of a pulmonary 
artery band and closure of a ventricular septal 
defect. The bypass system used was a William 
Harvey H-800, Serial Number 10445, oxygenator 
and a William Harvey Model H-500, Lot 
Number 06045, cardiotomy reservoir. This 
bypass system was primed with 500 ml of 
packed red blood cells and 650 ml of Ringer's 
lactate. The priming fluid was putin through the 
cardiotomy reservoir and recirculated through it 
prior to the initiation of cardiopulmonary 
bypass. Marked hematuria appeared at the 
onset of cardiopulmonary bypass, continued 
during the 2 hours of bypass, and lasted for 24 
hours postoperatively. 

A second child, who weighed 11.1 kg and was 
also 3 years old, underwent closure of a ventricu- 
lar septal defect. A William Harvey Model 
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H-800, Serial Number 10442, oxygenator and a 
Model H-500, Lot Number 6134, cardiotomy res- 
ervoir were primed and recirculated in the 
same manner as for the first patient. Again gross 
hematuria was noted at the onset of cardiopul- 
monary bypass, during the 29 minutes of 
bypass, and for 9 hours postoperatively. 

The source of the hemolysis was investigated 
by looking at blood incompatibilities and cold 
agglutinins, but no cause was found. Examina- 
tion of the bypass apparatus disclosed a faint 
white, patchy crystalline pattern on the interior 
surfaces of some of the William Harvey car- 
diotomy reservoirs (Fig 1). The biological activ- 
ity of the residue was tested by injecting 50 ml of 
12-day-old blood with a hematocrit of 38% into 
three visually contaminated Model H-500 car- 
diotomy reservoirs and into two other reservoirs 
from different lots that were visually clean. The 
plasma of each sample as well as a blood control 
visually demonstrated the degree of hemolysis 
produced by a 5-minute exposure of 50 ml of 
blood to the residue-containing and the clean 
cardiotomy reservoirs (Fig 2). Plasma hemo- 
globin values from the contaminated units were 
1.5 gm, 2.4 gm, and 2.0 gm per 100 ml, respec- 
tively; from the control cardiotomy reservoirs, 
22.2 mg and 23.6 mg per 100 ml, respectively; 
and from the blood control, 15.9 mg per 100 ml. 
Approximately one-sixth of the red blood cells 
were lysed in 5 minutes of exposure to the 
residue-containing cardiotomy reservoirs. 

An attempt was made to find out the chemical 
nature of the residue found in the reservoirs. 
With the use of mass spectrometry, the con- 
taminant was found to be 4,4’-isopropyl- 
idenediphenol (bisphenol A). Bisphenol A is 
a component of epoxy resin, but no epoxy 
resins were known to be used in the fabri- 
cation of the William Harvey polycarbonate 
apparatus. The pure bisphenol A crystal would 
not hemolyze blood; therefore, other chemicals 
in combination with bisphenol A were investi- 
gated. Some products from the reaction of 
ethylene oxide and bisphenol A were seen by 
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Fig 1. The white, patchy crystalline pattern in this 





William Harvey cardiotomy reservoir was formed by 


bisphenol A crystals after evaporation of the 
solvent. 
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mass spectrometry, but the product of these two 
chemicals also was found to be nonhemolytic. It 
was concluded that the hemolytic agent was 
bisphenol A dissolved in an organic solvent. 
Gas chromatographic analysis was done to 
analyze for residual solvent vapor, but none was 
found due to the lack of intact contaminated 
cardiotomy reservoir units. 

The in vitro observation of hemolysis due to 
the bisphenol A-contaminated units was dose 
related. This relationship may explain why 
adults undergoing open-heart operation did not 
develop marked hematuria, for the adult blood 
volumes had a dilutional effect. In small children 
with their small blood volumes, however, the 
contamination was toxic. 

The source of contamination was never found. 
The William Harvey Corporation products in- 
volved were Model H-200 oxygenators, Serial 
Numbers 27089-28621, and Model H-500 car- 
diotomy reservoirs, Serial Numbers 20145- 
25344. All the units with these serial numbers 
that had not been used were recalled with the 
assistance of the federal Food and Drug Admin- 
istration. 


Fig 2. The plasma demonstrates the degree of 
hemolysis due to a 5-minute exposure of 50 ml of 
12-day-old blood to chemically contaminated and 
noncontaminated William Harvey cardiotomy 
reservoirs. (A, B) Plasma from William Harvey 
cardiotomy reservoirs which had no contamination; 
(C) the blood control; (D, E, F) plasma from 
chemically contaminated cardiotomy reservoirs. 
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HOW TO DO IT 


Universal Cardiac Valve Holder 


John S. T. Masterson, B.Sc., Robert T. Miyigashima, M.D., Peter Allen, M.D., 
A. Ian Munro, M.D., and William G. Trapp, M.D. 


ABSTRACT 
facilitate the insertion of porcine cardiac valves. This 
holder allows a return to the operative technique es- 
tablished with the earlier generation of mechanical 


A valve holder has been designed to 


cardiac valves. 


In reviewing the generations of artificial heart 
valves, one is struck by the common use of a 
valve holder during surgical insertion. In this 
area the technique has consisted of: a gooseneck 
vise or "snake" mounted on a Finechetto retrac- 
tor (Fig 1), a specially designed holder to lock 
inside the mechanical valve, and a mounting rod 
that rotates axially in the snake as the sutures are 
placed. An orderly and regimented technique 
was evolved for the operation. With the advent 
of the porcine valve, however, no such holder 
was available, and the technique was aban- 
doned. A valve holder (Fig 2) that we designed 
and fabricated allows a return to the established 
operative technique. 

A nylon disc is mounted on an axial rod. In the 
disc, which constitutes the body of the valve 
holder, three longitudinal struts are mounted 
120 degrees apart. These struts have eyes in the 
tips to accept sutures. Stay-sutures are passed 
through the valve annulus 120 degrees apart, 
and the valve is suspended between the three 
struts. The unit is then placed in the snake and 
is rotated as the sutures are placed in the heart 
and the valve annulus. When all the cardiac su- 
tures have been placed, the stay-sutures are re- 
moved and the valve is manipulated into place. 
It has been found that the suspension sutures 
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should not be too tight, as this tends to place 
excessive traction on the valve skirt. 

The valve holder has been used extensively 
and has gained acceptance from the members of 
the Division of Cardio-Thoracic Surgery at the 
Vancouver General Hospital. 





Fig 1. The gooseneck vise and valve holder with 
porcine valve in place. 





Fig 2. Close-up of valve holder and valve. 


Subannular Mitral 


Prosthesis in Aortic Position 
J. Gunstensen, M.D., T. E. David, M.D., and H. E. Scully, M.D. 


ABSTRACT  Bjérk-Shiley subannular mitral pros- 
theses have been used in the aortic position in 36 
patients with calcific aortic annulus. We believe that 
the flange in the sewing ring of these prostheses 
offers added protection against perivalvular leakage; 
over an 18-month period there have been no instances 
of periprosthetic leakage in these patients. 


Periprosthetic leakage after aortic valve re- 
placement is not uncommon in patients with 
calcific aortic stenosis. Almost all our patients 
who have been reoperated on for aortic insuffi- 
ciency secondary to periprosthetic leakage had a 
very calcific aortic annulus. The problem is 
especially evident when the aortic root is small. 

The Starr-Edwards ball-valve prosthesis is 
technically difficult to insert in these patients, 
although the sewing ring of the prosthesis is 
satisfactory. The Bjórk-Shiley aortic prosthesis 
is somewhat easier to insert, but in our view the 
sewing ring is deficient and does not adapt well 
to the irregularities encountered in the friable 
calcified annulus. 

One solution to this problem is to use an in- 
verted Bjórk-Shiley subannular mitral pros- 
thesis in the aortic position. The hemodynamic 
characteristics of this valve are identical to those 
of the standard Bjork-Shiley aortic prosthesis.* 
The advantage of the subannular mitral pros- 
thesis for calcific aortic annulus is the presence 
of the flange in the sewing ring. The flange cov- 
ers the calcific aortic annulus, decreasing the 
physical stress on each suture. 

We insert the Bjórk-Shiley subannular mitral 
prosthesis with interrupted pledgeted sutures 
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Method of insertion of the Bjórk-Shiley mitral 
subannular prosthesis in the aortic root. (A) 
Pledgeted mattress sutures. (B) Final appearance 
after insertion. Note large area of contact between 
annulus and prosthesis. 


as shown in the Figure. The size of the annulus 
is measured with a Bjórk-Shiley sizer as is done 
for the regular aortic prosthesis. It is important 
for the valve to fit properly so that the flange 
covers the entire aortic annulus. We use mod- 
erate hypothermia and coronary perfusion in all 
patients. Preferably the heart is kept beating. 
We have inserted 36 such prostheses in the 
past 18 months, with no deaths and no post- 
operative evidence of periprosthetic leakage. 


Editor's Note 


This experience is limited, but the technique seems 
reasonable. 


COLLECTIVE REVIEW 


Congenital Left Aortic Sinus—Left 
Ventricle Fistula and Review of Aortocardiac Fistulas 


Edward R. Nowicki, M.D., Eoin Aberdeen, F.R.C.S., Sidney Friedman, M.D., 


and William J. Rashkind, M.D. 


ABSTRACT A fistula from the left aortic sinus to the 
left ventricle is reported that was successfully re- 
paired using cardiopulmonary bypass. In addition, 
175 cases of fistula to the heart from the aortic sinuses 
published in the English literature from 1839 through 
1972 were studied, with particular emphasis on the 
126 patients who underwent operative repair. 

The major cause of the fistulas (76%) was found to 
be rupture of a congenital aortic sinus aneurysm, 
usually during the third or fourth decade of life. The 
remainder of these fistulas to the heart consisted of 
simply a tract in an otherwise normal sinus. Ventricu- 
lar septal defect was the most common associated 
defect and, when present, was nearly always related 
to a fistula arising from the right aortic sinus. Repair 
was successful in 86% of the 126 operated patients. The 
principles of operative treatment of these fistulas are 
reviewed. 


Fistulas from the root of the aorta to a chamber of 
the heart lead to gross disturbance of cardiac 
function. The large gradient between the high- 
pressure aorta and low-pressure cardiac 
chamber causes a high flow, for which the heart 
must compensate to maintain adequate perfu- 
sion. 

These fistulas may result from rupture of con- 
genital or acquired aneurysms of the aortic 
sinuses as well as from penetrating trauma [6, 
33, 56, 65, 75, 79, 87]. While aneurysms due to 
arteriosclerosis, syphilis, infectious endocar- 
ditis, or Marfan’s syndrome may be more com- 
mon than their congenital counterparts, they are 
less often limited to just the sinuses. They tend 
to involve the ascending aorta, and when rup- 
ture takes place it may be into the pericardial, 
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mediastinal, or pleural space as well as into the 
heart. Because of the intracardiac location of the 
aortic sinuses, on the other hand, congenital 
weaknesses at this site cause the aneurysm to 
arise in a chamber of the heart, so that rupture 
nearly always causes a fistula between the aorta 
and the heart [56]. 

Not all congenital aneurysms of the aortic 
sinuses cause symptoms by rupture and fistula 
formation. Some aneurysms that have not rup- 
tured are associated with aortic regurgitation 
because of related cusp abnormalities or in- 
adequate support for the aortic annulus [31, 51, 
58, 78, 89]. The left sinus aneurysms, because of 
their location and size, may press on the left 
coronary artery, with resultant obstruction to 
coronary flow and myocardial infarction [28, 29]. 
Other aneurysms may affect various parts of the 
atrioventricular conduction system, either by 
direct pressure [25, 65] or by rupture into the 
interventricular septum without fistula forma- 
tion [47]. Also, there is one report of relative 
pulmonary stenosis secondary to congenital aor- 
tic sinus aneurysm arising in the pulmonary 
outflow tract of the right ventricle [65]. Another 
related but less common defect of the aortic 
sinus is a fistulous tract without aneurysm. This 
tract may very well exist prior to birth [64]. 

The least common aortic root lesions as- 
sociated with fistulas are the aortoventricular 
tunnels. These lesions are not actually located in 
the aortic sinus but have their opening in the 
aorta just above the supravalvular ridge distal to 
the aortic sinuses. The channel bypasses the aor- 
tic valve and passes either through the interven- 
tricular septum to the left ventricle or directly 
into the right ventricle [8, 19, 48, 63]. 

We wish to direct attention to the fistula as- 
sociated with ruptured congenital aneurysm of 
an aortic sinus and to a less common variation, 
the fistulous tract without an aneurysmal sac. 
Nearly all possible variations of fistula between 
an aortic sinus and a chamber of the heart have 
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been reported except for a fistula between the 
right sinus and left atrium and that between the 
left sinus and left ventricle. We report a patient 
with a fistula connecting the left sinus of Val- 
salva and left ventricle that was successfully re- 
paired using cardiopulmonary bypass. In addi- 
tion, enough reports on operative repair of all 
types of congenital sinus of Valsalva fistulas 
have appeared to warrant a review of the opera- 
tive experience with this abnormality. 


Case History 


A 5-year-old white girl, found to have a marked 
cardiac murmur on routine physical examina- 
tion, was admitted to The Children’s Hospital of 
Philadelphia on October 30, 1968, for evalua- 
tion. She had grown normally and had no car- 
diac symptoms. On physical examination her 
carotid pulses had a collapsing quality, and the 
blood pressure was 110/50. A systolic ejection 
murmur was heard at the aortic area and a 
high-pitched, blowing, diastolic murmur at the 
apex. There were no signs of cardiac failure or 
other abnormality. The electrocardiogram re- 


Fig 1. (A) Cineaortogram (retouched for clarity) 
with (B) line interpretation of a fistulous tract from 
the left aortic sinus to the left ventricle in a 
9-year-old girl. (Ao = ascending aorta; LSV = left 
sinus of Valsalva; T = tract; LV = left ventricle.) 


vealed left ventricular hypertrophy with a left 
ventricular strain pattern. The chest roentgeno- 
gram showed cardiomegaly due to left ventricu- 
lar enlargement, with no increase in the size of 
the left atrium. Results of cardiac catheterization 
and angiocardiography were interpreted as 
showing an aneurysm of the left aortic sinus 
with aortic regurgitation and possible aneurys- 
mal dilatation of the anterior wall of the left 
ventricle. 

On December 1, 1971, at the age cf 81/2 years, 
she was again admitted for evaluation because 
of electrocardiographic signs of progressive left 
ventricular hypertrophy and T-wave changes. 
She had developed no symptoms in the interim. 
The clinical examination was unchanged, with 
persistence of systolic and diastolic murmurs 
and a heightened left ventricular impulse. The 
chest roentgenogram revealed an increase in the 
heart size. The angiocardiogram at this time 
identified a long tunnel from the aorta to the 
body of the left ventricle without aortic regurgi- 
tation (Fig 1). The left coronary artery was nor- 
mal. 

Operation was performed on February 2, 
1972. The chest was entered through a midline 
sternotomy, and after the pericardium was 
opened, a thrill was palpable over the left ventri- 
cle and the root of the aorta. The ascending aorta 
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was dilated for 4 cm starting 1 cm above the 
valve ring. The aortic sinuses were not dilated. 
The coronary arteries appeared normal in size 
on the surface of the heart. After the cavae and 
aorta were cannulated and cardiopulmonary 
bypass had been commenced, the patient was 
cooled to 22°C. The aorta was cross-clamped and 
opened by a transverse incision. 

The aortic valve was normal, but a fistulous 
tract led from the left sinus of Valsalva through 
the posterolateral portion of the left ventricular 
outflow tract to the cavity of the left ventricle (Fig 
2A). It was a wide tract, measuring 8 mm in 
diameter. The opening, near the middle of the 
sinus, was separated from the valve ring and 
cusp tissue by 6 mm of aortic wall. The right 
coronary artery orifice appeared normal in the 
right aortic sinus. The left coronary artery lay 
superior and anterior to the orifice of the fistula. 
The artery had two openings. The superior one 
was the larger, and the lower one was separated 
from the fistula by 3 mm. The course of the left 
coronary artery was identified with a probe in 


Fig 2. (A) The aorta has been opened. The probe is in 
the left coronary artery and the coronary sucker is in 
the ostium of the fistulous tract in the left sinus. (B) 
After repair the mattress sutures are tied, closing the 
opening in the fistula. (L= left aortic cusp; NC — 
noncoronary cusp; R= right aortic cusp; LC — left 
coronary artery.) 
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place while mattress sutures effectively closed 
the tract opening, uniting the aortic media of the 
superior margin of the orifice to the valve ring 
tissue (Fig 2B). The aortic incision was closed. 
Bypass was discontinued without difficulty 
after rewarming. No murmur or thrill was pres- 
ent after the repair. The postoperative course 
was uncomplicated, and the patient was dis- 
charged on the ninth postoperative day. She 
remained well four years after her operation 
without murmurs or any other evidence of re- 
currence of her fistula. 


Previous Cases of Aortocardiac Fistula 


Our review of the English literature from 1839 
through 1972 identified 175 cases of fistula from 
a congenital aortic sinus (Valsalva) aneurysm to 
the heart, with particular emphasis on the 126 
patients treated by operation [1—5, 7, 9, 10-22, 
24, 26, 28, 30, 32, 34, 35-41, 43-46, 49, 50, 52-62, 
65, 66, 69-73, 77, 80-85, 88-90]. We eliminated 
the cases of fistula from rupture of acquired 
aneurysm. When there was associated infec- 
tious endocarditis, we included only cases in 
which the infection was secondary to the fistula 
or an associated ventricular septal defect. Data 
on some patients were incomplete, and we have 
included only cases with sufficient reported in- 
formation to permit an anatomical diagnosis. 
We examined up to 37 items of information for 
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each patient. The data were analyzed by a Digi- 
tal Equipment Corporation PDP-10 Computer at 
the University of Pennsylvania Medical School 
Computer Facility using the statistical program 
package from the Health Science Computer 
Facility at the University of California, Los 
Angeles [23]. Analysis of variance (Snedecor 
f-test) was used to investigate the significance of 
variations observed [74]. 

The age at operation or at death in the nonop- 
erated cases was recorded for 145 patients and 
ranged from 6 weeks to 79 years (mean, 30.8 
years) (Fig 3). Of the 145 patients for whom the 
sex was reported, 96 (66.2%) were male and 49 
(33.8%) were female. 

The absence of symptoms or nature of their 
onset in 125 patients was grouped into three 
categories: no symptoms, 22 patients (17.6%); 
gradual onset of symptoms, 57 patients (45.696); 
and sudden onset of symptoms, 46 patients 
(36.8%). Gradual onset was defined as symp- 
toms developing over months or years. In the 
group with sudden onset the symptoms de- 
veloped acutely, often catastrophically, usually 
within days. The mean age was 21.4 years for 
patients without symptoms, 33.9 years for those 
in whom the onset of symptoms was gradual, 
and 31.6 years for those in whom the onset was 
sudden. The difference in age between the 
group without symptoms and each of the groups 
with symptoms was significant (p < 0.005); the 
age difference between the two groups with 
symptoms was not statistically significant. The 
symptoms at onset were usually dyspnea, pain, 
or both. Of 91 patients in whom the findings 
were reported, 77 (84.6%) had dyspnea and 14 


Fig 3. Age distribution, by decade, of 145 patients. 
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(15.4%) did not. In 71 patients in whom the 
findings were reported, 23 (32.4%) had pain in 
the chest or abdomen, or both, at onset and 48 
patients (67.6%) did not. Of the 23 patients with 
pain, 21 (91.3%) also had dyspnea. 

The mean blood pressure in 90 patients was 
141 + 26 mm Hg systolic (range, 90-250) and 45 
+ 26 mm Hg diastolic (range, 0-105). The pulse 
character in 63 patients was described as collaps- 
ing or bounding in 52 (82.5%) and normal in 11 
(17.5%) (Fig 4). A precordial thrill was palpated 
in 74 (78.7%) of 94 patients, not palpable in 20 
(21.3%). Of 122 patients, 114 (93.4%) had a con- 
tinuous murmur and 8 (6.6%) did not (Fig 4). 
Clinical signs of heart failure (rales, cardiome- 
galy, hepatomegaly) were observed in 55 of 91 
patients (60%). The mean age of the patients 
with signs of failure was 34.4 years; it was 25.3 
years in those with no signs of failure (p < 
0.005). 

Roentgenograms showed increased pulmo- 
nary vascular markings in 78 of 103 patients 
(76%) and enlarged cardiac size in 97 of 105 
patients (92%). In 90 patients for whom electro- 
cardiographic results were reported, 71 (79%) had 
abnormal patterns. Of these patients, 57 (80%) 
had some sign of left ventricular abnormality 
such as hypertrophy or strain. 

The ratio of calculated pulmonary/systemic 
blood flow (Q,/Q,) ranged from 1.2 to 5.0 (mean, 
2.2 + 0.92) in the 30 patients in which this figure 
was recorded. In 19 patients the left-to-right 
shunt was measured in liters per minute and 
ranged from 3.0 to 9.9 (mean, 6.5 + 2.6). The 
pulmonary artery pressure was recorded in 26 
patients; the systolic pressure ranged from 17 to 
72 mm Hg (mean, 42 + 18) and the diastolic 
pressure from 5 to 40 mm Hg (mean, 16 + 7). The 


Fig 4. Cardiac murmur in 122 patients and pulse 
character in 63 patients. 
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correct diagnosis of fistula from a sinus of Val- 
salva was suspected in 64 (84%) of 76 patients 
after angiocardiography. 

Operation for suspected patent ductus ar- 
teriosus was performed in 13 patients before the 
correct diagnosis of fistula was made. Only 2 of 
these patients actually had a patent ductus. 

The sinus of origin of the fistula was reported 
in 119 of the 175 patients: 80 (67.2%) from the 
right sinus, 30 (25.2%) from the noncoronary 
sinus, and 9 (7.6%) from the left sinus (Fig 5). 
The chamber of termination of the fistulas from 
the individual sinuses is shown in Figure 6. Our 
patient represents the only reported case of left 
sinus-left ventricular fistula. Right sinus-left 
atrial fistula is thus the only unreported combi- 
nation. 

An actual sac like a windsock was described in 
77 (76%) of 101 operated patients. In the remain- 
ing 24 patients the fistula was simply a tract. The 
mean age of the 77 patients with a sac was 31.7 
years; it was 18.1 years in the 24 patients with 
just a tract. The difference was significant (p — 
0.005). There was no significant association of 
the tracts with any particular aortic sinus. 

Associated cardiac defects were reported in 70 
(54%) of the 129 patients in whom adequate 
records were available, and they are shown in 
Table 1. Fifty-nine (45.796) had no other cardiac 
abnormality. The most common disorders were 
ventricular septal defect in 43 patients (33.3%) 
and an aortic valve abnormality in 10 (7.8%). 
Ten patients also had bacterial endocarditis sec- 
ondary to either their ventricular septal defect or 
the fistula from the heart to the aorta. 

Correlation of the ventricular septal defect 
with the site of origin of the fistula was signifi- 
cant (p < 0.005). Among 35 patients with ven- 
tricular septal defect in whom the sinus of origin 


Fig 5. Sinus of origin of the fistula in 119 patients. 
(NC= noncoronary sinus; L= left coronary sinus; R 
— right coronary sinus.) 





of aortocardiac fistulas was known, 34 fistulas 
were associated with the right sinus and 1 with 
the noncoronary sinus (Fig 7). 

The results of operation in the 126 patients 
were good in 108 (85.796); 16 died (12.796), and 
the fistula could not be closed in 2 (1.6%). The 


Fig 6. The chamber of termination for fistulas arising 
from the rightsinus (80 patients) (A), noncoronary 

sinus (30 patients) (B), and left sinus (9 patients) (C). 
(Ao- aorta; NC = noncoronary sinus; L= left 
coronary sinus; R — right coronary sinus; RA — right 
atrium; PA — pulmonary artery; LA — left 

atrium; RV — right ventricle; 

LV = left ventricle; P = pericardium.) 
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Table 1. Associated Cardiac Defects in 129 Patients 
with Aortocardiac Fistula? 





No. of 
Associated Abnormality Patients Percent 
None 99 457 
Ventricular septal defect 43 333 
Aortic valve abnormality 10 7.8 
Prolapse of cusp 4 
Deformity of cusp 3 
Bicuspid valve 3 
Pulmonic valve stenosis or 6 4.6 
regurgitation 
Atrial septal defect 3 2.3 
Patent ductus arteriosus 3 ao 
Rheumatic aortic and mitral 2 1.6 
valve disease 
Fallot’s tetralogy 1 0.8 
Tricuspid regurgitation 1 0.8 
secondary to jet of fistula 
Patent foramen ovale 1 0.8 





“There were defects in 129 patients with sufficient 
data reported. 


Fig 7. The association of ventricular septal defect 
with the site of origin of aortocardiac fistula in 35 
patients. (NC — noncoronary sinus; L= left 
coronary sinus; R— right coronary sinus.) 


causes of death in the operated patients are 
shown in Table 2. Among 10 of the patients who 
died, 7 had some other associated cardiac ab- 
normality; 3 did not (Table 3). 


Comment 


Since Kieffer and Winchell's review in 1960 [45], 
there have been many more reports of operative 
repair of fistulas to the heart from ruptured aor- 
tic sinus aneurysms. Our study has concen- 
trated on patients having operation, but we also 
found interesting information about the patho- 
logical and clinical aspects of these fistulas. The 
majority of fistulas (76%) from an aortic sinus to 


Table 2. Causes of Death in 16 Operated Patients 


Cause No. of Patients 


Unknown 

Cardiac arrhythmia 

Technical difficulties 

Bleeding disorder 

Low cardiac output after bypass 
Mesenteric infarction 

Central nervous system damage 
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Table 3. Associated Defects in 16 Patients Who Died 
following Operation 





Associated Abnormality No. of Patients 





Not reported 

None 

Ventricular septal defect 
Bicuspid aortic valve 
Pulmonic valve lesion 
Atrial septal defect 


Rheumatic aortic and mitral 
disease (aortic and mitral valve 
replacement at same operation) 


Fallot's tetralogy 1 
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the heart are secondary to rupture of a congenital 
aneurysm of the sinus. The remaining fistulas 
are described simply as a tract in an otherwise 
normal sinus. Edwards and Burchell [27] have 
shown that the defect in congenital sinus of Val- 
salva aneurysms is separation of the aortic wall 
media from the valve ring tissue. Perhaps this 
defect occurs soon after fusion of the folds of the 
primitive bulbi cordis, at which time aortic root 
tissue begins to differentiate [86]. With time, 
this weakness allows aneurysmal change in the 
sinus and eventual rupture, which almost al- 
ways occurs into a cardiac chamber. 

Whether these theories apply to the patients 
reported to have only a fistulous tract without an 
aneurysmal sinus is not clear. These tracts may 
be present prior to birth [64]. The significantly 
younger age of these patients compared to those 
with fistulas from ruptured congenital sinus 
aneurysms may point to prenatal existence of 
the tracts. 

Our review confirms that the majority of these 
fistulas arise from the right aortic sinus, with the 
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noncoronary sinus next and the left aortic sinus 
least in frequency. Of the fistulas arising from 
the right aortic sinus, 71% terminated in the 
right ventricle and 20% in the right atrium. In 
addition, there was nearly a 40% chance of an 
associated ventricular septal defect when the fis- 
tula originated from the right sinus, while 
patients with a ventricular septal defect had a 
97% chance of having the fistula arise from the 
right aortic sinus. The distribution of fistulas 
that were simply a tract was the same as for 
fistulas that follow ruptured aortic sinus 
aneurysms in general, with no preponderance 
in any sinus. 

Our patient with left sinus-left ventricular fis- 
tula without an aneurysm appears to be the first 
reported case. Aneurysms of the left sinus are 
less frequent than those of the other two sinuses, 
so the rarity of fistulas from the left sinus is not 
surprising [56, 63]. Also, the left sinus and left 
ventricle are not closely associated as, for exam- 
ple, the right sinus and the outflow tract of the 
right ventricle are [27]. The still unreported right 
sinus-left atrial fistula appears to be an anatom- 
ical impossibility since the right sinus is located 
opposite the left atrium across the aortic valve 
ring. 

The congenital nature of the fistula in our pa- 
tient is indicated by her young age and the ab- 
sence of acquired changes in the left aortic sinus. 
No evidence of aneurysmal change was present 
in the sinus associated with her fistula, which 
differentiates it from a fistula following rupture 
of a congenital sinus aneurysm. The opening of 
the fistula was well within the left sinus of Val- 
salva, proximal to the left coronary orifices, and 
coursed through the posterolateral portion of the 
left ventricular outflow tract to the chamber of 
the left ventricle. These aspects of the anatomy 
of the fistula distinguish our case from aorta-left 
ventricular tunnel, which has its origin above 
the supravalvular ridge, bypasses the aortic an- 
nulus anteriorly, and courses through the inter- 
ventricular septum to the chamber of the left 
ventricle [48]. 

A rare anomalous coronary artery may com- 
municate with a chamber of the heart, including 
the left ventricle, and on occasion may be con- 
fused with ruptured aortic sinus aneurysm [26]. 
The presence of tortuosity and dilatation of the 
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portion of the coronary artery system that is part 
of the abnormal communication is apparent ex- 
ternally on the heart. The coronary arteries in 
our patient were normal in appearance on the 
surface of the heart. 

The average age of patients with congenital 
fistulas from an aortic sinus to the heart is 30.8 
years. We noted, however, that when the pa- 
tients were grouped according to whether or not 
symptoms were present, the patients without 
symptoms were significantly younger (p < 
0.005). 

Of the patients with symptoms, 55% had a 
gradual onset over months or years and only 
4596 had a sudden, dramatic onset of symptoms. 
Among patients for whom specific symptoms 
were mentioned, the most common was dys- 
pnea (8596), whereas chest pain occurred in only 
32%. Thus, acute onset with chest pain is not the 
common manner of presentation. Data were in- 
sufficient to allow the relationship between rup- 
ture of these aneurysms and acute physical 
stress to be analyzed, although authors have 
reported this association in the past [11, 41]. 

Symptoms of dyspnea or chest pain associated 
with signs of bounding peripheral pulses, wide 
arterial pulse pressure, and a continuous mur- 
mur over the precordium in a relatively young 
patient should make one consider a ruptured 
congenital aortic sinus aneurysm with fistula to 
the heart. Signs of heart failure and abnor- 
malities on the electrocardiogram and chest 
roentgenogram may be present in these pa- 
tients, but aortography with demonstration of 
the abnormal communication between the aorta 
and heart provides the precise anatomical diag- 
nosis. 

The principles for operative treatment of aor- 
tic sinus fistula are: (1) accurate closure of the 
fistulous opening in the aortic sinus and (2) cor- 
rection of any associated abnormality, such as 
repair of ventricular septal defect and repair or 
replacement of an insufficient aortic valve. 

Various techniques for the surgical correction 
of aortic sinus fistula have included attempts at 
direct external suture without inflow occlusion 
or bypass [61, 69], suture through an atrial well 
[69], surface hypothermia with inflow occlusion 
(9, 58, 62], and cardiopulmonary bypass with 
either repair through the chamber of termina- 
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tion [49], repair through the pulmonary artery 
for fistulas to the outflow tract of the right ven- 
tricle [22, 62], aortotomy and opening of the 
chamber of termination without coronary perfu- 
sion for direct repair of the origin of the fistula 
[77], or aortotomy with the addition of coronary 
perfusion [72, 73]. 

While successful repair has been reported 
using hypothermia with inflow occlusion [58], 
failure to close the fistula completely or inability 
to correct associated abnormalities makes this 
technique less desirable than cardiopulmonary 
bypass [62]. Cardiopulmonary bypass allows 
time to repair the fistula securely and to correct 
associated defects. In 1956 Lillehei and as- 
sociates [49] successfully corrected an aortic 
sinus fistula using cardiopulmonary bypass; the 
patient had a fistula from the right coronary 
sinus to the right ventricle. 

Although preferred by some who have had 
good results [11], repair through the chamber of 
termination is now less popular than it was early 
in the history of correction of this lesion. 
Spencer and co-workers [77] used the aortic ap- 
proach for repair of a fistula to the right atrium, 
with extra sutures placed from the atrial side as 
well. Shumacker and Judson [72] added coro- 
nary perfusion to this approach to protect the 
myocardium during aortic cross-clamping. 

It appears that repair of the fistula itself is best 
carried out through an aortotomy, after cross- 
clamping, with either topical hypothermia or 
coronary perfusion for protection of the 
myocardium. This approach allows excision of 
an aneurysmal sac [12] and accurate placement 
of each suture to reunite the aortic wall media to 
the valve annulus without fear of injury to a 
coronary artery or an aortic valve cusp [28, 73]. In 
our patient we placed a probe in the left coronary 
artery to assure its patency after repair. Re- 
cently, others have reported a preference for re- 
pair from the aortic side, although examination 
of the fistula from the chamber of termination 
has also been undertaken [42, 76]. 

Our review confirms previous impressions 
that ventricular septal defects, when present, are 
nearly always associated with a right sinus fis- 
tula. These septal defects usually are supracris- 
tal, lying immediately beneath the pulmonary 
valve in the right ventricular outflow tract [67, 


68]. The ventricular septal defect may be re- 
paired through the aorta by the same buttressed 
mattress sutures used to close a fistulous open- 
ing in the sinus [11]. If this is not possible, a 
combined approach, opening the right ventricle 
as well as the aorta, may be necessary to repair 
the ventricular septal defect adequately. In the 
cases reviewed, most of the ventricular septal 
defects were corrected through the right ven- 
triculotomy used for repair of the fistula. 

Replacement of the aortic valve has not been 
necessary in many cases of aortic sinus fistula. 
Beach and McClenathan [5] replaced both the 
aortic and mitral valve in a patient with rheuma- 
tic heart disease and an aortic sinus fistula, but 
the patient did not survive the operation. De- 
Bakey and colleagues [21] replaced the aortic 
valve in 3 of 5 patients with aortic sinus fistula; 
Shumacker and associates [73] replaced it in 1 
patient in their series. In another series 7 pa- 
tients had some degree of aortic insufficiency 
[11]. A prosthetic leaflet was used to replace an 
incompetent right coronary cusp in 1 patient but 
had to be replaced by a Starr-Edwards aortic 
valve five months later when the prosthetic cusp 
became detached. The degree of aortic insuffi- 
ciency in the remaining 6 patients was small 
enough so as not to require any surgical treat- 
ment. 

In the present review, we found a surgical 
mortality of 12.7% and failure to close the fistula 
in 1.696, for a combined surgical failure rate of 
14.3%. In the Mayo Clinic series reported by 
Bonfils-Roberts and his co-workers [11], all 21 
patients survived operation. Three patients re- 
quired reoperation, however, 1 for recurrence of 
both a ventricular septal defect and the fistula, 
which had been sutured without felt buttresses; 
1 for recurrence of ventricular septal defect after 
deterioration of an Ivalon patch; and another for 
replacement of a prosthetic leaflet. 

In a more recent series reported by Howard 
and associates [42], 8 of 26 patients died follow- 
ing operation for aortic sinus fistula. Six of the 8 
had coexisting cardiac abnormalities. Another 
patient died after reoperation for rupture follow- 
ing the appearance of a second aortic sinus 
aneurysm, and the eighth patient with aortic ste- 
nosis died seven months after operation from 
congestive heart failure with bacterial endocar- 
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ditis and rupture of an aortic valve cusp. In our 
review, 7 of 10 patients classed as operative 
deaths with sufficient data for analysis had at 
least one other cardiac defect but spanned all age 
groups and included various operative tech- 
niques for repair of their fistulas. 

In the past, before operative treatment was 
available, congestive heart failure and bacterial 
endocarditis were major causes of death and 
morbidity in patients with ruptured congenital 
sinus of Valsalva aneurysms. Most of the pa- 
tients in this review were diagnosed before 
these complications were severe, and were 
treated by operation. With present-day tech- 
niques of cardiopulmonary bypass and myocar- 
dial preservation, the risk of operation for this 
lesion is low enough to justify surgical repair 
when the diagnosis is made. 
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CORRESPONDENCE 


IABP Discussions 
To the Editor: 


I enjoyed reading the technical articles on intraaortic 
balloon pumping (IABP) and Dr. Webb’s excellent 
editorial, which clearly affirms the role of IABP in our 
surgical armamentarium. My comment is related to 
the Editor’s Note following the article by Krause and 
colleagues (Ann Thorac Surg 21:562, 1976), in which 
attention is focused on a letter by Dr. Myles E. Lee 
which antedated Krause’s report (Ann Thorac Surg 
20:237, 1975). 

In the closing discussion of my paper "Left Ven- 
tricular and Intra- Aortic Balloon Pumping" (J Thorac 
Cardiovasc Surg 68:677, 1974), which I presented at 
the 54th Annual Meeting of the American Association 
for Thoracic Surgery in April, 1974, I believe that my 
remarks (which were suggested to me by Dr. James R. 
Malm) actually preceded the sources mentioned 
above. 


David Bregman, M.D. 


Department of Surgery 

Columbia University 

College of Physicians and Surgeons 
630 W 168th St 

New York, NY 10032 


Editor's Note 


Once more, the reader is reminded of our position on 
priorities as articulated in N Engl J Med 290:740, 1974. 


IAB Graft Complications 
To the Editor: 


I write to compliment the authors who have written in 
The Annals of Thoracic Surgery regarding the efficacy 
of perioperative use of intraaortic balloon devices. I 
strongly support Dr. Webb's view (Ann Thorac Surg 
21:571, 1976) that such a device is an essential part of 
the armamentarium of a surgical team. 

However, I believe a note of caution is in order 
regarding the method of insertion and removal of the 
intraaortic balloon suggested by Dr. Krause and col- 
leagues (Ann Thorac Surg 21:562, 1976). They de- 
scribe inserting the balloon through a long synthetic 
graft attached to the ascending aorta at the time of 
operation and allowing the prosthesis to remain in 
place after removal of the intraaortic balloon several 
days after the cardiac operation. We also have found 
this technique to be life-saving in the intraoperative 
period (Ann Thorac Surg 20:652, 1975). While our total 
experience will be reported at a later time, I believe it 
is of vital importance that those using this technique 
of insertion be alert to the possibility of late infections 
occurring in the closed graft. We have observed this 
complication in 2 of 4 patients in whom this technique 
was used. Both occurred several months following the 
initial cardiac procedure and intraaortic balloon re- 
moval as described by Dr. Krause. Each was heralded 
by the formation of a fistulous tract in an apparently 
well healed sternotomy wound and was successfully 
managed by sternotomy and removal of the synthetic 
material. 

Because of our experience, we urge those who use 
the technique described by Dr. Krause—and pre- 
viously by Dr. Lee (Ann Thorac Surg 20:237, 1975)—to 
consider removing the synthetic graft prior to the 
patient's initial discharge from the hospital. If clinical 
conditions preclude this, the physician should be 
aware that even the most innocuous-appearing 
change in a sternotomy wound may be the harbinger 
of graft infection. Should this occur, immediate repeat 
sternotomy for removal of the synthetic graft is prob- 
ably the treatment of choice. 


Richard J. Cleveland, M.D. 


Department of Surgery 

Tufts University School of Medicine 
171 Harrison Ave 

Boston, MA 02111 
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Cardiovascular surgeon completing university training 
June, 1977, desires academic appointment to pursue inter- 
ests in adult and pediatric cardiac surgery and cardiovascu- 
lar research. 


Please respond to Charles D. Campbell, M.D., Department 
of Surgery, 1084 Scaife Hall, Pittsburgh, PA 15261; tel (412) 
624-2677. 

E O Maamaa 
Thoracic, vascular and general surgeon, Canadian 
university-trained, FRCS(C), certified American Board of 
Surgery, now spending additional year in England to further 
thoracic training, seeks challenging position. Have FLEX, 
available Summer 1977. 


Please respond to W-34, The Annals of Thoracic Surgery, 
C-7173 University Hospital, Ann Arbor, MI 48109. 
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Thoracic and cardiovascular surgeon, 35, completing resi- 
dency in June, 1977 at large university center, desires posi- 
tion in cardiovascular and thoracic surgery. Will consider all 
geographical locations. Board certified in general surgery. 


Please respond to W-35, The Annals of Thoracic Surgery, 
C-7173 University Hospital, Ann Arbor, MI 48109. 
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Board certified thoracic surgeon, 36, with fellowship in car- 
diac surgery, seeks a position in cardiac surgery group. 
Available July, 1977. 


Please respond to W-36, The Annals of Thoracic Surgery, 
C-7173 University Hospital, Ann Arbor, MI 48109. 


Physician associate, 29, B.A., B.S., in second year of Emory 
University program seeks challenging position with busy 
thoracic/cardiovascular surgeon to begin December, 1977. 
OR experience 11 years, last 2 in open-heart surgery, U.S. 
Navy trained. 


Please respond to W-37, The Annals of Thoracic Surgery, 
C-7173 University Hospital, Ann Arbor, MI 48109. 
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Thoracic and cardiac surgeon, currently staff member at 
large university medical center, seeks comparable position 
in academic surgery. Broad spectrum of interests and experi- 
ence. 


Please respond to W-38, The Annals of Thoracic Surgery, 
C-7173 University Hospital, Ann Arbor, MI 48109. 





Thoracic and cardiovascular surgeon, 43, married, seven 
years experience in cardiac, thoracic and vascular surgery, 
ABS and ABTS certification, FACS, would like to join estab- 
lished group or build new practice. Available March, 1977. 


Please respond to W-39, The Annals of Thoracic Surgery, 
C-7173 University Hospital, Ann Arbor, MI 48109. 





Thoracic and cardiovascular surgeon holding academic posi- 
tion in university hospital and medical school wishes to 
relocate in Southeast. Prefer private practice with active 
adult open-heart surgery. 


Please respond to W-40, The Annals of Thoracic Surgery, 
C-7173 University Hospital, Ann Arbor, MI 48109. 





General thoracic and vascular surgeon, 42, Board-certified, 
extensive extracardiac thoracic, peripheral vascular and 
pacemaker experience, seeks position in group or associa- 
tion leading to partnership. Available September, 1977. 
California or Louisiana location preferred. Presently Chief, 
Thoracic and Vascular Surgery, large medical center. No 
research experience. 


Please respond to W-41, The Annals of Thoracic Surgery, 
C-7173 University Hospital, Ann Arbor, MI 48109. 





SITUATIONS AVAILABLE 





Extracorporeal Membrane Oxygenator (ECMO) Research 
Fellowship available, University of California, Irvine. Op- 
portunity for lab and clinical experience in all aspects of 
ECMO. Responsibility for management of ECMO patients. 
Pulmonary or neonatal care experience required. Begin July, 
1977. 


Apply to Robert H. Bartlett, M.D., Associate Professor of 
Surgery, University of California Irvine Medical Center, 101 
City Dr, South, Orange, CA 92668. 





Thoracic surgeon wanted for Wisconsin community estab- 
lished group practice. Outstanding income and benefits, all 
negotiable. Truly a 4-season "Shangri-la." Easy-to-reach 
academic environment, superb housing and schools. 


Write to Mr. Paul D. Switzer, President, World Wide Health 
and Education Foundation, 1271 Avenue of the Americas, 
New York, NY 310020. 
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Cardiothoracic surgeon/intensivist with research interests 
wanted by medical school affiliated hospital, full-time. Re- 
sponsibility for clinical investigation focused on assisted 
circulation. Strong physiology background desirable. Mul- 
tidisciplinary group with excellent clinical and laboratory 
facilities. 


Send curriculum vitae to Adrian Kantrowitz, M.D., Depart- 
ment of Cardiovascular/Thoracic Surgery, Sinai Hospital, 
6767 W Outer Dr, Detroit MI 48235. 








Urban group in Northeast wants associate 35 or under with 
double Boards or eligibility. Practice limited to thoracic and 
cardiovascular surgery. Currently doing approximately 
1,000 procedures annually, large volume chest and 
peripheral vascular, two or three pump cases weekly, mostly 
coronary bypass. 


Please respond to A-9, The Annals of Thoracic Surgery, 
C-7173 University Hospital, Ann Arbor, MI 48109. 





Cardiothoracic surgeon with strong interest in research and 
teaching wanted to fill full-time position at university 
center. Education should include mathematics, engineering 
or both, as well as medicine. Instructor-assistant professor 
level appointment, depending upon experience and educa- 
tion. 


Please respond to A-10, The Annals of Thoracic Surgery, 
C-7173 University Hospital, Ann Arbor, MI 48109. 





Cardiovascular surgeon wanted. Excellent postresidency 
opportunity. One year appointment to assist chairman with 
departmental and patient care responsibilities. Active 
open-heart and research program. Board certification or 
eligibility required. 


Send curriculum vitae to A-12, The Annals of Thoracic 
Surgery, C-7173 University Hospital, Ann Arbor, 
MI 48109. 





Thoracic, arterial vascular, and pacemaker surgeon seeks 
associate leading to partnership in suburb of Mid-Atlantic 
metropolitan area. University affiliated community hospital 
noted for excellence. No open-heart or coronary artery 
surgery at present. 





Send curriculum vitae to A-13, The Annals of Thoracic cud de ot. A 


Surgery, C-7173 University Hospital, Ann Arbor, Washington, D. C. 20007 
MI 48109. mcus d 





Thoracic-cardiovascular surgeon wanted for faculty posi- 
tion, midwestern university, assistant professor rank. Begin 
July 1, 1977. Teaching, research, patient care. Equal oppor- 
tunity affirmative action employer. 


Please respond to A-14, The Annals of Thoracic Surgery, 
C-7173 University Hospital, Ann Arbor, MI 48109. 





Board certified or board eligible thoracic surgeon wanted to 
join two others at a multi-hospital practice in New York City 
area. Open-heart surgery available, although limited. 


Send curriculum vitae to A-15, The Annals of Thoracic 
Surgery, C-7173 University Hospital, Ann Arbor, 
MI 48109. 





Thoracic and cardiovascular surgeon wanted to join two- 
man group, midwestern locale, university affiliated practice 
limited to thoracic, vascular and cardiac surgery. Must have 
completed training requirements for ABTS certification. 
Curriculum vitae needed prior to interview. 


Please respond to A-18, The Annals of Thoracic Surgery, 
C-7173 University Hospital, Ann Arbor, MI 48109. 





One year thoracic and cardiovascular fellowship to begin 
July 1, 1977, University of Texas affiliation. Opportunity to 
polish cardiac and thoracic surgical skills with clinical and 
academic experience. Prefer applicants eligible for thoracic 
boards. Stipend plus benefits, travel, depending on experi- 
ence. 





Please respond to A-19, The Annals of Thoracic Surgery, 
C-7173 University Hospital, Ann Arbor, MI 48109. 
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uNDICATION . Based ca a review of Bronkosol by the N: ora 
Acader™ of ~ - :nces-M>*ional Research Council and/or other int: | 
mation, FDA ...s classified the indications as follows: 

"Probably" effective for the acute reliei of bronchial asi.:::.: 
other conditions in whic’: i ouctiospasm is a complicating fac... 
as chronic bronchitis or emphysema. Final aciei of `s 
effective indications requires further investigation. 








CONTRAINDICATION: Hypersensitivity to any ingredient. 


WARNINGS: Excessive use of an adrenergic aerosol shr >- ` be discouraged 
as it may lose effectiveness. Occasional patients have bec; -eported to 
develop severe paradoxica! airway resistance with repeate,. "xcessive use of 
an aerosol adrenergic inheiati ^^ preparation. [n suct. .: tances the use of 
the aerosol adrenergic should be discontinued immediately and a'ternative 
therapy instituted. Cardiac est has been noted in several instances 
Should not be adminis : r2d along with epinephrine or other «npa 
thomimetic amines, since these drugs are direct carc'iac stimulants and 
may Cause excessive tachycardia. They may, how ver, be alternated if 
desire]. 


USE IN PREGNANCY: Although there has been no evidence of t: 
genic effects with these drugs, use of.ar:; drug in nvegnancy, lacte 
women of childbearing potentia; r2dui. as thai the sutential beneti 
drug be weighed against its possible Hazard o thev other or chilc 
PRECAUTIONS: Dosage must be carefully adjusteu 1 patients «ti 

nm fhyroidism, hypertension, acute coronary disease, cardiac asit: 
linuted cardiac reserve, and in ino- cals sensitive *5 sympathomimetic 
amines, since overdosage may result in tachycardia, , alnitatio, . nausea 
headache, or epinephrine-like side effects. 


ADVERSE EFFECTS: Althcugh Bronkosol is =- atively; f; 2» 2f toxir 
effects, too frequent use may cause tachycaruia, palpicticn,i.. “ea, head. 
ache, changes in blood pressure, anxiety, tension, restlessness, ing vinnia. 


tremor, weakness. dizziness and excitement as is the case with other 
sympathomimetic amines. 


DOSAGE AND ADMINISTRATION: Ora! inhalation. Ca.. be administered 
by hand nebulizer, oxygen aerosolization, Or intermittent positive pres^':7^ 
breathing (IPPB). Usually treatment need not be repeated more cfai than 


every four hours, although in severe cases more frequent administratio, 
may be necessary. 


HOW SUPPLIED: Bronkosoi? for inhalation — bottle... ^ ml 
(Code No. 1711). 
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The Annals welcomes . 9 ndence, Le* ^s ave reviewed 2 ung toxhe same scan dards as cther 
contributions. Unsigned .st:.rs cannot b. ublished. 


Type entire manuscript double-spaced on standard-sized papers, using standard margins Number 
pages consecutively in this order: title page, abstract, text, references, tabies icgends. Place awi i s 
name and page number in the upper right corner of each page: Subnut origina: types ^i^ and 
duplicate with duplicate illustrations; retain a copy of the typescript. Provide an abstract 9f ap pTO? 

mately 150 words for an original article or collective review. Abstracts for case reports, noies, ac 


“how to do it" articles may be shorter. 


Page Charges. Original articles exceeding a maximum of 9 printed pages are subject to an overage 
charge of $100 per page. There are approximately 700 words on one printed page of The Annals. A 
standard elite type, double-spaced typewritten page with 11/2” margins all around contains about 250 
words. Therefore, to stay within the maximum limit, manuscripts should contain no more than 25 
typed pages, including references, and proportionally less if figures and tables are included. 


Title Page. Give the paper a brief title. On page 1 of the manuscript give names of all authors, highest 
degree, institutional affiliations (limit to two), and location. If the paper has been presented ata 
scientific meeting, provide a footnote giving name of meeting, date, and location. Provide address 


for mailing proofs and indicate to whom reprint requests should be sent. 


Text. Provide succinct internal headings to darify the paper's organization. Type footnotes on the 
manuscript page where cited. Cite tables and illustrations by number in the text. Give all weights and 


measures in metric units. 


Case Reports. Limit findings to those pertinent to the case. Negative findings that are not relevant 
should be omitted. 


References. Type double-spaced on pages separate from the text. Arrange alphabetically by author 
and number in sequence. Cite in text by number within brackets. Double-check to ensure accuracy: 
Use Index Medicus style, giving complete publication data. Examples: a 


Journal article: Grondin CM, Meere C, Castonguay YR, et al: Blood flow through aorta-to- 
coronary bypass grafts and early postoperative patency: a study of 100 patients. 
Ann Thorac Surg 12:574, 1971 
Book: Baum G: Textbook of Pulmonary Diseases. Second edition. Boston, Little, 
Brown, 1974 
Chapter in book: NardiGL: The thorax, Surgery. Third edition. Edited by GL Nardi, GD Zuidema. 
Boston, Little, Brown, 1971, p 249 


Tables. Limit the number of tables, restrict them to material best presented in tabular form, and hold 
length to one manuscript page if possible. Type double-spaced on pages separate from the text. 
7, vide a brief title for each table. 


lii. tration Legends. Type double-spaced on pages separate from the text. Do not paste or fasten to the 
illustrations. Provide one legend for each illustration or grouped illustrations and number in s€- 
quence. 


The A... `; can consideronly a limited number of illustrations per paper without special arrangement. 
Subin:; - tinal artwork or unmounted original glossy prints (individual parts separate) in black and 
white. (Cc.or may be used only by special arrangement and is subject to extra charges.) A line 
drawing that contains no shading or wash can be reproduced weil from a glossy photograph. A line 
diawing with shading, however, can be best reproduced from the original drawing. Illustrative 
material must be of good quality, suitable for reproduction and for reduction as necessary to page 
Chest roentgenograms should be no smaller than 13 x 18 cm. Identify by number in sequence 

a © by author's last name by writing lightly with soft pencil on the back. Indicate top of illustration. 
.ompany photographs of recognizable persons by a signed release from the subject All 

rations should be submitted in duplicate. Do not use paper clips to attach illustrations. 


Cole. uiustrations. Color figures of real value to an article will be considered for publication. Part of 
the .eproduction and printing costs will be borne by The Annals; the author must be prepared to pay 
$350 for up to six finished illustratións that will fit on one side of a single page, and for any 

tional figures or special effects. Positive 35 mm color transparencies must be submitted for 
eva,aation; color prints should not be sent without transparencies. The slides should be packed 
carefu ty and sent with the manuscript, in a separate container or between two sheets of cardboard. 
(Gia:s-mounted slides should not be sent through the mail.) 


^ tain and submit with the manuscript written permission to use nonorieinal materiai {quotations 
-ceeding 100 words, any table or illustration) from both author and vuli-sner of the or: ina!. 
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In the shock syndrome: 


Hime, ee 

DHT 

Inzreases;vitci organ perfusion 

,. le shochar ne, perfusion pressure usually 
does not m6et ^: -„stabolic needs of the vital 
organs. When volume replacement fails to reverse 
this process, additional therapy must be initiated 
to increase cardiac output and blood pressure 
and to increase blood flow to vita] organs. 
Intropin (dopamine HCI) is the only drug that 
both increases cardiac output and blood pressure 
while specifically redirecting the blood flow. 


Maintains kidney function 


The unique ability of Intropin to act on the 
“dopaminergic” receptors in the mesenteric and 
rend vasculature causes vasodilation in these 
beds and leads to increased renal blood flow. 
glomerular filtration rate and urine output. At low 
dose levels (less than 5 mcg/kg/min), when 
cardiac stimulation is not usually observed, these 
increases are independent of increased cardiac 
output. 


In comparison, norepinephrine causes vasocon- 
striction in tnese beds, further compromising vital 
organ function. Isoproterenol causes generalized 
Systernic vasodilation (thereby requiring greater 
cardiac output to increase vital organ perfusion) 
and does not increase the renal fraction of the 
increased cardiac output? 


Increases cardiac output 


At higher doses (above 5 mcg/kg/min), Intropin 
begins to increase myocardial contractility, 
stroke volume and cardiac output by direct 
positive inotropic effect while maintaining much 
of the unique dopaminergic effect. In certain 
patients such as refrac v congestive failure 
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selectively redirects Dlood to vital organ: 


patients, the increase in cardiac output may be 
seen at doses of less than 5 mcg/kg/min. 


Norepinephrine, on the other hand. has a similar 
inotropic effect, but the expected increase in 
cardiac output is often diminished due to the 
increased systemic vascular resistance (afterload) 
resulting from norepinephrine's alpha adrenergic 
activity. Isoproterenol increases cardiac output 

in part through a chronotropic effect. Its use 
results in a greater increase in myocardial 
oxygen consumption than does the inotropic 
effect of Intropin. It also results in a greater poten- 
tial for arrhythmias.’ The increased cardiac 
output obtained with isoproterenol is delivered 

to the total systemic vasculature due to general 
vasodilation while the selective vasodilation of 
Intropin directs more blood supply to the areas in 
need of vital perfusion. 


Increases blood pressure 


Intropin doses of over 20 mcg/kg/min will usi all 
result in an alpha adrenergic (vasoconstriction) 
response in the peripheral vasculature. Thi: 
usually raises the pressure and also redirects 
blood flow through the vasodilated vasculature oí 
the renal and mesenteric beds. Thus, Intropin can 
increase blood pressure through an inotropic 
Cardiac response or at doses above 20 mcg/kg/ 
min through an additional peripheral 
vasculature response. 
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INTROP IN (dopa ine HCI) 
5 ml. AMPUL/FOR IV. INJECTION 


DESCRIPTION: INTROPIN (dopamine HCI) is 3, 4-dihydroxyphenethylamige hydrocty<” . 





à Naturaily- 
occurring biochemical catecholamine precursor of norepinephrine. Tx* eheinical structure is 
HO CH;CH;NH, * HCI 
HO 
CHNO- * HCI Mol. Wt. 189.65 


Dopamine hydrochloride is a while, odorless crystalline powder, freely soluble in water and soluble in 
alcohol. It is sensitive to light, alkalis, iron salts and oxidizing agents. 

Each milliliter of sterile, pyrogen-free INTROPIN Injection contains 40 mg. of dopamine hydrochloride 
(equivalent to 32.96 mg. of dopamine base) in Water for Injection, USP, containing 1% sodium bisulfite 
as a preservative. 


ACTIONS: INTROPIN exerts an inotropic effect on the myocardium resulting in an increased cardiac 
output. INTROPIN produces less increase in myocardial oxygen consumption than isoproterenol and 
its use is usually not associated with a tachyarrhythmia. Clinical studies indicate that INTROPIN usually 
increases systolic and pulse pressure with either no effect or a slight increase In diastolic pressure. 
Total peripheral resistance at low and intermediate therapeutic doses Is usually unchanged. Blood flow 
to peripheral vascular beds may decrease while mesenteric flow increases. INTROPIN has also been 
reported to dilate the renal vasculature presumptively by activation of a ‘dopaminergic’ receptor. This 
action is accompanied by increases in glomerular filtration rate, renal blood flow, and sodium excretion 
An increase in urinary output produced by dopamine Is usually not associated with a decrease in 
osmolality of the urine. 


INDICATIONS: INTROPIN is indicated for the correction of hemodynamic imbalances present in the 
shock syndrome due to myocardial infarctions, trauma, endotoxic septicemia, open heart surgery, renal 
failure. and chronic cardiac decompensation as In congestive failure. 

Where appropriate, restoration of blood volume with a suitable plasma expander or whole blood 
should be instituted or completed prior to administration of INTROPIN. 

Patients most likely to respond adequately to INTROPIN are those in whom physiological parameters, 
such as urine flow, myocardial function, and blood pressure, have not undergone profound deteriora- 
tion. Multiclinic trials indicate that the shorter the time interval between onset of signs and symptoms 
and initiation of therapy with volume correction and INTROPIN, the better the prognosis 


Poor Perfusion of Vital Organs — Urine flow appears to be one of the better diagnostic signs by which 
adequacy of vital organ perfusion can be monitored. Nevertheless, the physician should also observe 
the patient for signs of reversal of confusion or comatose condition. Loss of pallor, increase in toe 
temperature, and/or adequacy of nail bed capillary filling may also be used as indices of adequate 
dosage. OWioe. "les have shown that when INTROPIN is administered before urine flow has di- 
minished to levels approximately 0.3 ml./minute, prognosis is more favorable. Nevertheless, in a num- 
ber of oliguric or anuric patients, administration of INTROPIN has resulted in an increase in urine flow 
which in some cases reached normal levels. INTROPIN may also increase urine flow in patients whose 
OUtput is within normal limits and thus may be of value in reducing the degree of pre-existing fluid 
accumulation. It should be noted that at doses above those optimal for the individual patient, urine 
flow may decrease, necessitating reduction of dosage. Concurrent administration of INTROPIN and 
diuretic agents may produce an additive or potentiating effect 


Low Cardiac Output — Increased cardiac output is related to INTROPIN's direct inotropic effect on the 
myocardium. Increased cardiac output at low OT moderate doses appears to be related to a favorable 
prognosis. Increase in cardiac output has been associated with either static or decreased systemic 
vascular resistance (SVR). Static or decreased SVR associated with low or moderate increments in 
cardiac output is believed to be a reflection of differential effects on specific vascular beds with increased 
resistance in peripheral beds (e.g. femoral) and concomitant decreases In mesenteric and renal vas- 
cular beds. Redistribution of blood flow parallels these changes so that an increase in cardiac output 
is accompanied by an increase In mesenteric and renal blood flow. In many instances the renal fraction 
of the total cardiac output has been found to increase. Increase in cardiac output produced by INTROPIN 
is not associated with substantiale" -^ces m systemic vascular resistance as may occur with isopro- 
terenol 
Hypots™ Hypotension due to inadequate cardiac output can be managed by administration of low 
to moderate doses of INTROPIN, ‘asch have little effect on SVR. At high therapeutic doses, INTROPIN s 
alpha adrenergic activity becomes mote prominent and thus may correct hypotension due to dimin- 
ished SVR. As in the case of other circulatory decompensation states, prognosis is better in patients 
whose b'c9d pressure and urine flow have not undergone profound deterioration. Therefore, it IS Sug- 
gested that the physician atüinister INTROPIN as soon as a definite trend toward decreased systolic 
and diastolic pressure.-becomes evident. 
CONTRAINDICATIONS. 'NTROPIN Should not be used in patients with pheochromocytoma 
WAPHINGS: INTROPIN should not be administered in the presence of uncorrected tachyarrhythmias 
or ventricular fibrillation. 

[4 NOT add INTROPIN to any alkaline 
solution. 
PAtients who have heen treated with monamine oxidase (MAO) inhibitors prior to the administration 
PIN will require Substantially reduced dosage. Dopamine is metabolized by MAO, and inhibi- 
e prolongs and potentiates the effect of INTROPIN. The starting dose in such patients 
least one-teni (1/10) of the usual dose. 


a revealed no evidence of teratogenic effects from INTROPIN 
egnant rats resulted in a decreased survival rate of the 
the survivors. The drug may be used in pregnant 
pected benefits outweigh the potential risk to 


diluent solution, since the drug IS inactivated in alkaline 


les 


t been established. INTROPIN 
inadequate to fully define 


Extravaselion — INTRC?!N should be infused into a large vein whenever possible to prevent wie pus 
sibility of extravasation into tissue adjacent to the infusion site. Fxtravasation may cause necrosis and 
sloughing of surrounu:^d “issue Large veins of the antecubital fossa ale preferred to veins in tie Gor- 
sum of the hana of ars ss suitable infusion sites should be used only if the patient's condition 
requires immediate adenne — ine physician - ^6... switch to more suitable sites as rapidly as possible 
The infusion site stoulo 3e 225^ covessly mornáereo `: free flow. 

Occlusive Vascular Discaze- 65060055 with a history o! occlusive vascular disease (for example, 
:onavd's disease, cold injury, diabetic endarterilis, and Buerger's 


athercsceerosis, arte a’ &nboiisim 
disease: SNS; a stored for any changes in color cr tenveralurs arihe skin in the extrem- 
ities. If 2 change ‘a sain color or temperature OCCUTS and ^ though: ip be tha result of compromised 


circulation to the extremities, the benefits of continued :NTAOP!N iniusion should. b? weigheu 2yalns} 
the zisk of po^ is. inis condition may br. reversed by either decpea-o er Figen” iung 
Ine ral AML on ~ YN 


Kio penro 






ii ^nRTANT — Antidote for Periphera’ Ischemia: Te srevsuisioughitg “ce necrosi- ,scnemic 
aic ^. the area should be infiltrated as soon as poss © with 10 ta 15 ^! of Saline solution 
containing from 5 to 10 mg. of Regitine® (bami s shentolamine), oa adrenergic blocking 
agent. A syringe with a fine hypodermic nèsdie shoo” 52 used, and the solution liberally 
infiltrated throughout the ischemic area y ^Iackedé with phentolamine causes 
immediate and conspicuous local hyperem :: < © area is infiltrated within 12 hours. 
Therefore, phentolamine should be given as * hie after the extravasation is noted. 
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Avoid Cyclopropane or Halogenated Hydrocarbon Anesthetics — Cyc/opropane or halogenated hydro- 
carbon anesthetics increase cardiac autonomic irritability and therefore may sensitize the myocardium 
to the action of certain intravenously administered catecholamines. This interaction appears to be re- 
lated both to pressor activity and to beta adrenergic stimulating properties of these catecholamines. 
Therefore, as with certain other catecholamines, and because of the theoretical arrhythmogenic 
potential, INTROPIN should be used with EXTREME CAUTION in patients inhaling cyclopropane or 
halogenated hydrocarbon anesthetics. 

Careful Monitoring Required — Close monitoring of the following indices — urine flow, cardiac output 
and blood pressure — during INTROPIN infusion is necessary as in the case of any adrenergic agent. 
ADVERSE REACTIONS: The most frequent adverse reactions observed in clinical evaluation of INTROPIN 
included ectopic beats, nausea, vomiting, tachycardia, anginal pain, palpitation, dyspnea, headache, 
hypotension, and vasoconstriction. Other adverse reactions which have been reported infrequently 
were aberrant conduction, bradycardia, piloerection, widened QRS complex, azotemia, and elevated 


blood pressure. 

DOSAGE AND ADMINISTRATION: 

WARNING: This is a potent drug: It must be diluted before administration to patient. 
Suggested Dilution — Transfer contents of one ampul (5 mi. containing 200 mg INTROPIN) by aseptic 
technique to either.a 250 ml. or 500 ml. bottle of one of the following sterile intravenous solutions: 
1) Sodium Chloride Injection. USP 5) Dextrose (5%) in Lactated Ringer's 


2) Dextrose 5% Injection, USP Solution i, 
3) Dextrose (5%) and Sodium Chloride 6) Sodium Lactate (1/6 Molar) 
(0.9%) Injection, USP Injection, USP 
4) 5% Dextrose in 0.45% Sodium 7) Lactated Ringer's Injection, USP 
Chloride Solution 
These dilutions will yield a final concentration for administration as follows: 
250 ml. dilution contains 800 mcg. /ml. of INTROPIN eo 


500 ml. dilution contains 400 mcg./ml. of INTROPIN 

INTROPIN has been found to be stable for a minimum of 24 hours after dilution n the sterile intra- 
venous solutions listed above. However, as with all intravenous admixturesy dilution should be made 
just prior to administration. 

Do NOT add INTROPIN Injection to 5% Sodium Bicarbonate or other alkaline intravenous solutions, 
since the drug is inactivated in alkaline solution. 


Rate of Administration — INTROPIN, after dilution, i$ administered intravenously through a suitable 
intravenous catheter or needle. An i.v. drip chamber of other suitable metering device is essential for 
controlling the rate of flow in drops/minute. Each patient must be individually titrated to the desired 
hemodynamic and/or renal response with INTROPIN. In titrating to the desired increase in systolic 
blood pressure, the optimum dosage rate for rena response may be exceeded, thus necessitating a 
reduction in rate after the hemodynamic condition is stabilized.. 

Administration at rates greater than 50 mcg./kg./min. have safely been used In advanced circulatory 
decompensation states. If unnecessary fluid expansion is of concern, adjustment of drug concentration 
may be preferred over increasing the flow rate of a less concentrated dilution. 


Suggested Regimen: 
1. When appropriate, increase blood volume with whole blood or plasma until central venous pressure 
is 10 to 15 cm H,O or pulmonary wedge pressure is 14-18 mm Hg. 
2. Begin administration of diluted solution at doses of 2-5 mcg./kg./minute INTROPIN in patients 
who are likely to respond to modest increments of heart force and renal perfusion 

In more seriously ill patients, begin administration of diluted solution at doses of 5 mcg./kg./minute 
INTROPIN and increase gradually using 5 to 10 mcg./kg./minute increments up to 20 to 50 mcg./kg./ 
minute as needed. If doses of INTROPIN in excess of 50 mcg./kg./minute are required, it is suggested 
that urine output be checked frequently. Should urine flow begin to decrease in the absence of hypo- 
tension, reduction of INTROPIN dosage should be considered. Multiclinic trials have shown that more 
than 50% of the patients were satisfactorily maintained on doses of INTROPIN less than 20 mcg./kg./ 
minute. In patients who do not respond to these doses with adequate arterial pressures or urine flow, 
additional increments of INTROPIN may be employegin an effort to produce an appropriate arterial 
pressure and central perfusion. 
3. Treatment of all patients requires constant evalu 
mentation of myocardial contractility, and distribution O 
should be adjusted according to the patient's response, with 
lished urine flow rate, increasing tachycardia or development of ne 
creasing or temporarily suspending the dosage. 
4. As with all potent intravenously administered drugs, Care should be taker 
administration so as to avoid inadvertent administration of a bolus of drug 
OVERDOSAGE: In case of accidental overdosage, as evidenced by excessive blood pressure elevation, 
reduce rate of administration or temporarily discontinue INTROPIN until patient's condition stabilizes. 
Since INTROPIN's duration of action IS quite short, no additional remedial measures are usually neces- 
sary. If these measures fail to stabilize the patient's condition, use of the short-acting alpha adrenergic 


blocking agent, phentolamine, should be considered. 
HOW SUPPLIED: 5 mi. ampuls containing 40 mg. dopamine HCI per milliliter. 
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-or the physician, this means less frequent 
'eplacement and fewer problems with the pace- 
maker once it is implanted. For the patient, 

t means a higher confidence level in his physician 
3nd greater optimism about his potential for a 
onger, more comfortable life after surgery. 


SPI established its position of leadership among 
3acemaker manufacturers when it pioneered 

the research and development of lithium-powered 
pulse generators. Now, CPI is setting industry 
standards in pacemaker reliability. For example, 
^PI's failure rate is approximately .04% per month at 
he 90% confidence level compared to the failure 
‘ate of .15% per month at the 90% confidence level 
set by the Nuclear Regulatory Commission for 
nuclear-powered pacemakers. This includes all 
reported implants since CPI’s first in 1972. Further, 
clinical data snows that CPI pulse generators 

have averaged more than 2 million pacing hours 
mean time between failures* CPI has pacemakers 
implanted up to 48 months and to date has not 
experienced premature battery failure. 


CP! is committed to maintaining the standards of 
excellence that made them the leader in lithium 
and reliability... standards that help CPI provide 
you with the highest quality pacemaker available. 
You can have every confidence in CPI pacemaking 
systems...and so 
can your patients. 
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: ETHIBOND 


POLYESTER SUTURE 
has polybutilate 


| Mie first coating designed for sureery 
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All coated sutures available until now have been coated with 
commercial lubricants. ETHIBOND suture, a braided polyester, is 
coated with polybutilate, also a polyester but developed specifically 
for surgical use. 

Since polyester coating has a natural affinity for polyester 
braid, a strong cohesive attraction forms — and minimum polybutilate 
is required for maximum lubrication. Each suture is uniformly coated 
according to size, virtually eliminating any possibility of the lubricant s 
flaking, shredding or beading. Thus, ETHIBOND suture exhibits less 
tissue reaction compared to sutures which tend to exfoliate their coating. 

With its minimum polybutilate coating, ETHIBOND suture 
has a soft, pliable hand — easy to tie and knot. It passes through tissue 
with an ease that can be compared to monofilament suture materials. It 
has high tensile strength, and retains its strength in vivo. 

ETHIBOND suture is available in a full range of sizes, in 
precut Um hreaded sutures or Swaged to Super-Smooth needles 
specifically “‘esigned for cardiovascular surgery. 

‘he cardiovascular surgeon who prefers braided sutures will | 
find the smoothness, strength and minimal reactivity of ETHIBOND 
suture of value in valve replacements, graft-to-tissue anastomoses and 
revascularization procedures, 


ETHICON 





© a € 


ee À—náan— uà 


*Trademark (See next page for complete product information. ) (OETHICON, INC. 1976 


COMPLETE PRODUCT INFORMATION 





ETHIBOND* 


POLYESTER SUTURE 


NONABSORBABLE 
SURGICAL SUTURE, U.S.P. 


DESCRIPTION 
ETHIBOND suture is nonabsorbable, braided, polyester 
(polyethylene terephthalate or MERSILENE:* polyester) fiber 
uniformly coated with polybutilate, or poly [oxy-l, 
4-butanedi yloxy (1,6-dioxo-1,6-hexanediyl)]. The highly adher- 
ent coating is a biologically inert, nonabsorbable compound 
which acts as a lubricant to mechanically improve the physi 
cal properties of the uncoated suture by improving ease of 
passage through tissues and by providing overall improved han- 
dling qualities as contrasted to the braided, uncoated fiber. 


ETHIBOND sutures are sterile, inert, and elicit minima! tissue 
reaction. They are braided for optimal handling properties, 
and for good visibility in the surgical field the dyed sutures are 
colored with D&C Green No. 6. 


ACTIONS 
ETHIBOND sutures are strong, nonabsorbable sutures: sub- 
cutaneous tissue implantation in rats shows that no signific- 
ant change in the retention of tensile strength of the suture 
occurs during the entire evaluation period of 180 days. Both 
the polyester fiber suture material and the polybutilate coating 
are pharmacologically inactive. 


INDICATIONS 


ETHIBOND suture is intended for use as a nonabsorbable 
suture. 


CONTRAINDICATIONS 


None 


WARNINGS 
ETHIBOND polyester sutures have not been evaluated in 
ophthalmic surgery 
Do not resterilize. 

PRECAUTIONS 
As with all sutures, acceptable surgical practice must be fol- 


lowed with respect to drainage and closure of infected 
wounds. 


Knot security requires the standard surgical technique of flat 
and square ties, with additional throws if indicated by surgical 
circumstance and the expenence of the operator. 


Two-year carcinogenicity studies in Long-Evans rats demon- 
strated no carcinogenic potential. 


ADVERSE REACTIONS 

Slight erythema and/or induration at suture sites have been 
reported in approximately 2% of the patients in whom 
ETHIBOND sutures have been used, a not unexpected reaction. 


DOSAGE AND ADMINISTRATION 


Use as required per operation. 


HOW SUPPLIED 
ETHIBOND sutures are available sterile as green braided and 


undyed (white) strands in sizes 5 to 7/0 in a variety of lengths, 
with and without needles, in one and three dozen units. 
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"tj Parke-Davis Men's 
V Support Stockings 
are medically de- 
signed knee-length 
hosiery. A special knit 
construction exerts con- 
trolled graduated com- 
pression to assist venous 
circulation and to help in 
mild varicosities. Legs, ankles, 
and feet get the kind of sup- 
port they need. And, with the 
two-way stretch design, the stockings provide 
better fit and greater comfort. 

For relief of certain leg problems, day in and day 
out, recommend Parke-Davis Men s Support 
Stockings. Available in regulor and dressweight 
styles at sensible prices cf pharmacies everywhere. 


MEN'S SUPPORT STOCKINGS 


PARKE-DAVIS 


PARKE, DAVIS & COMPANY 
PD-JA-2132-1-C (2-77) Detroit, MI 48232 
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Carcinoma of the Esophagus 


Edward F. Parker, M.D. 


The articles by Murray and Hankins and their 
co-workers in this issue elucidate again the 
magnitude of the problem of dealing with 
esophageal carcinoma, about which there is 
widespread pessimism. To reach a rational deci- 
sion concerning the optimal method of treat- 
ment, or combination of methods, precise 
knowledge of the location and extent of the 
tumor must be established if at all possible. The 
problem with carcinoma of the esophagus is that 
such staging may require three major operations 
(laparotomy, thoracotomy, and collotomy for 
biopsy of the lymph nodes of the neck) in order 
to gain this knowledge. These procedures are 


of resectability, but also whether resection, if 
erformed, could be classed as palliative or 
theoretically curative. 

Gordon F. Murray and associates (p 393) pre- 
sent clearly the usefulness of a form of limited 
thoracotomy (anterosuperior mediastinoscopy) 
that has proved to be especially useful in lesions 
of the upper and middle thoracic esophagus but 
of relatively little use in those of the lower 
thoracic esophagus. However, it should be 
added that the failure to demonstrate metastasis 
by mediastinoscopy did not exclude its pres- 
ence. Furthermore, the presence of metastasis 
did not necessarily exclude the feasibility of re- 
secting the esophagus for palliation in patients 
who were unable to swallow or could do so only 
with marked difficulty. The presence of metas- 
tasis would not necessarily exclude the possibil- 
ity of excising all involved regional nodes along 
with the esophagus, and thus the theoretical pos- 
sibility of cure, if all known tumor were excised. 

Whereas formerly mediastinoscopy was con- 
sidered to be of primary value in determining 
the possible mediastinal extension of bron- 
chogenic carcinoma, it is now clear that the pro- 
cedure may have equal value in patients with 
esophageal carcinoma, especially of the upper 
and middle thirds. 


From the Division of Thoracic Surgery, Medical University 
of South Carolina, Charleston, SC 29401. 
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The application of superior mediastinoscopy 
as a form of limited thoracotomy for staging 
raises the interesting possibility of thoracoscopy 
as a substitute for an incisional thoracotomy; 
and laparoscopy theoretically could become a 
substitute for laparotomy. 

The article by Hankins and colleagues (p 400) 
is another exposition of the defeatist theory in 
treating these extremely difficult cases. My be- 
lief, contrary to theirs, is that the primary goalin 
treating carcinoma of the esophagus should be 
cure. Admittedly, 60 to 7596 of patients when 
first seen have degrees of starvation or of ex- 
traesophageal neoplasm including esophago- 
tracheal or esophagobronchial fistulas; aspira- 
üon pneumonia; or distant metastasis in the 
liver, cervical lymph nodes, or, rarely, in the 
lungs. In patients who have obvious metastases 
or malnutrition so severe that it is uncorrected 
by intensive therapy including intravenous 
hyperalimentation, palliation should be the 
primary goal. But I cannot understand why we 
should neglect to seek cure in others for whom at 
least a theoretical possibility of cure exists, even 
though their numbers may be small. 

As reported by Belsey and Hiebert [1], only 
one thing is definitely known about most car- 
cinomas, and malignant tumors as a whole, and 
that is their unpredictability. In their study 9 of 
120 patients (8%) considered to have had only 
palliative resection experienced long-term sur- 
vival (2 to 17 years). Of the 9 survivorsagply 2 
were considered by the examining pathologist 
to have had adequate resection. In view of these 
facts, ‘one might reasonably ask if we are jus- 
tified in sentencing patients to a fairly certain 
death, usually after a miserable and steadily 
downhill course, by declining to set cure as the 
primary goal. For decades many surgeons have 
observed that curability after resection often de- 
pends on factors other than, or in addition to, 
the presence or absence of lymph node involve- 
ment and the extent of the margins of resection. 

To adopt the view that treatment of carcinoma 
of the esophagus should consist primarily of 
palliation by limited resection with restoration 
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of continuity of the alimentary canal in a single 
stage or by esophageal bypass using a segment 
of colon or reversed gastric tube between the 
cervical esophagus and the stomach entirely 
overlooks the fact that many have reported not 
only restoration of the ability to swallow, but 
also long-term survival (5 years or longer) by the 
use of radiation therapy as the only method of 
treatment, without resorting to operation [5. 91. 
This viewpoint also ignores the experience of 
others who have found that if one seeks solely to 
restore the ability to swallow, this can be ac- 
complished with the use of antegrade dilations 
and of endoesophageal prostheses introduced 
transorally, with a very low rate of morbidity 
and mortality [2, 7] and a high degree of success. 

Unfortunately, there has been no controlled 
study in a single institution, or in a group of 
cooperating institutions, of the relative values of 
different methods of treatment in comparable 
cases during the same period. Techniques of 
resection, methods of esophageal replacement 
with varying degrees of risk, techniques of ir- 
radiation and its use preoperatively or post- 
operatively, and techniques of prosthetic intu- 
bation have all varied, and disagreements are 
widespread [3, 4, 6, 8, 11]. Furthermore, little 
enthusiasm has been shown to date for 
chemotherapy or immunotherapy. Until such a 
controlled study can be done [10], it is feared 
that disagreement will persist among radio- 
therapists and surgeons in particular con- 


cerning the optimal treatm +! of this áevastat- 


ing disease. 
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The Assessment of 


Operability of Esophageal Carcinoma 


Gordon F. Murray, M.D., Benson R. Wilcox, M.D., 


and Peter J. K. Starek, M.D. 


ABSTRACT The extremely poor outlook for pa- 
tients with esophageal cancer necessitates careful def- 
inition of the extent of disease prior to the selection 
of treatment. Evaluation of regional lymph node in- 
volvement may avoid excessive morbidity and iden- 
tify favorable candidates for aggressive excisional 
therapy. The role of combined mediastinoscopy and 
celiotomy in assessing the operability of epidermoid 
carcinoma of the thoracic esophagus was examined in 
30 Consecutive candidates for esophageal resection at 
the Nofth Carolina Memorial Hospital. The prog- 
nostic value of combined mediastinoscopy and 

celiotomy in assessing the operability of epidermoid 
"value in assessing mediastinal extension of car- 
cinoma of the upper thoracic and midthoracic 
esophagus. 


Despite advances in surgical and radiation 
therapy techniques, carcinoma of the esophagus 
remains a lethal disease. The overall long-term 
survival of patients with this disease is less than 
2% [19]. Evidence of extraesophageal medias- 
tinal or subdiaphragmatic spread, or both, usu- 
ally prohibits resection and is rapidly fatal [12]. 
The extremely poor outcome of this group of 
patients demands careful definition of the extent 
of disease prior to the selection of treatment. 
Precise evaluation of regional lymph node in- 
volvement may avoid inappropriate staged 
treatment regimens and unnecessary operative 
risks and may identify favorable candidates for 
aggressive excisional therapy. 

Previously, the major application of medias- 
tinoscopy has been for evaluation of mediastinal 
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extension of bronchogenic carcinoma [23, 28, 
29], with some suggestion of potential value in 
the assessment of esophageal cancer [3, 4, 10]. 
Abdominal exploration with biopsy of the celiac 
lymph nodes in the evaluation of patients with 
carcinoma of the thoracic esophagus has re- 
cently been encouraged [16, 32]. This study ex- 
amines the role of combined mediastinoscopy 
and celiotomy in assessing the operability of 
epidermoid carcinoma of the thoracic esopha- 
gus in 30 consecutive candidates for esopha- 
geal resection at the North Carolina Memor- 
ial Hospital. 


Anatomical Considerations 


A rich intramural plexus of lymphatics and the 
absence of a protective serosal barrier lead to 
early regional extension of esophageal car- 
cinoma. In a collected series of 2,440 postmortem 
cases, Postlethwait and Sealy [30] reported re- 
gional lymph node metastases in 76.9% of the 
patients. McCort [22] has separated the lymph 
node stations at risk into eight groups (Fig 1): (1) 
external jugular nodes; (2) paratracheal nodes 
(the lowermost node of the chain being the 
azygos node); (3) perihilar nodes, in which the 
right posterior group was the most frequent site 
of metastasis; (4) subcarinal nodes, which drain 
into the right paratracheal group; (5) para- 
esophageal nodes, which extend from the in- 
ferior pulmonary vein to the diaphragm; (6) 
paracardial nodes, which encircle the esophagus 
at the cardia below the diaphragm; (7) lesser 
curvature nodes of the stomach; and (8) left gas- 
tric nodes, which extend to the celiac axis. Lym- 
phatic drainage of the esophagus is not segmen- 
tal. Submucosal extension of the carcinoma may 
occur over a considerable distance proximally 
and distally to the primary lesion before per- 
forating the muscular layers to join the lympha- 
tics in the adventitia. Upper thoracic and 
midthoracic esophageal lesions are not exempt 
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Fig 1. Lymph node stations at risk in patients with 
esophageal carcinoma. 


from the possibility of celiac lymph node met: 
tasis. This widespread lymphatic drainage anc 
the close proximity of the esophagus to vital 
structures within the mediastinum frequently 
preclude curative resection. 


Materials and Methods 


The operability of carcinoma of the thoracic 
esophagus in 30 consecutive cangidates for 
esophageal resection was assessed by combined 
mediastinoscopy and celiotomy during the 
three-year period of July, 1973, through July, 
1976. Twenty-three men and 7 women with an 
average age of 63 years were evaluated. Dys- 
phagia was invariably present and was usually 
accompanied by weight loss. Substernal pain 
was an uncommon symptom, recorded in only 3 
patients. Presence of remote metastasis was 
excluded by a detailed history, careful physical 
examination, and tests of liver function. Medias- 
tinal extension of cancer outside the esophagus 
was not demonstrated in any patient as seen by 
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Subcarinal 


Para. Esophageal 


Paracardial 


clinical, radiographic, or bronchoscopic evi- 
dence of recurrent laryngeal, phrenic, or sym- 
pathetic nerve involvement; involvement of the 
tracheal or bronchial tree; fistula formation; 
vena cava obstruction; or malignant effusion. 
Epidermoid carcinoma was confirmed his- 
tologically by endoscopic biopsy in all patients. 
The upper thoracic and midthoracic esophagus 
was the site of cancer in 18 patients and the 
lower esophagus in 12 patients (Fig 2). Barium 


Fig 2. Site of esophageal cancerin 30 patients 
evaluated by combined mediastinoscopy and 
celiotomy. 


THORACIC INLET <> zum 


8th THORACIC. 
VERTEBRA 


ESOPHAGOGASTRIC _ 
JUNCTION 





3"' Murray, Wilcox. an4 Starek: Operability of Esophageal Carcinoma 


swallow demonsirated 13 lesions measuring less 
than 5 cm in length, 15 lesions between 5 and 8 
cm, and 2 lesions 9 and 10 cm, respectively. 

Surgical treatment was combined with 
preoperative concentrated irradiation [25]. 
Preoperative irradiation was begun without 
delay following initial clinical and endoscopic 
evaluation of the patient. A dose of 2,000 rads 
given over five days was found to be most prac- 
tical and caused no increase in operative diffi- 
culty. Examination for metastasis to mediastinal 
and celiac lymph nodes was performed three to 
five days after irfadiation was terminated. The 
mediastinoscopy and celiotomy were under- 
taken in anticipation of immediate esophago- 
gastrectomy in patients with resectable can- 
cer. No complications associated with rapid 
irradiation (ie, perforation, bleeding) were 
apparent in those patients not undergoing 
resection. 


Fig 3. Mediastinoscopy was of value in ASSESSING 
mediastinal extension of carcinoma of the upper 
thoracic and midthoracic esophagus. 


Results 


Mediastinoscopy findings were positive in 5 of 
18 patients with carcinoma of the upper thoracic 
and midthoracic esophagus (Fig 3). None of the 
12 patients with lower thoracic esophageal car- 
cinoma had abnormal findings at mediastinos- 
copy. Fixed perinodal metastasis was present 
in 4 of the 5 patients who had a positive me- 
diastinoscopy, and neither laparotomy nor 
thoracotomy was performed. Microscopical in- 
tranodal metastasis was demonstrated by bi- 
opsy and frozen-section examination in the 
fifth patient. Palliative resection was under- 
taken in this patient, with findings of positive 
celiac nodes and mediastinal extension of the 
primary tumor. Of the 25 patients with nega- 
tive findings at mediastinoscopy, mediastinal 
spread of tumor was demonstrated at tho- 
racotomy in 9 of 17 patients undergoing re- 
section, including 5 patients with carcinoma of 
the upper thoracic and midthoracic esophagus. 

Laparotomy demonstrated celiac metastasis 
in 16 of the 26 patients examined. Extensive 
metastatic disease was found in 8 patients, and 
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thoracotomy was not done. Palliative resection 
was pursued in the other 8 patients with abnor- 
mal celiac nodes. Ten patients had negative 
findings at laparotomy, and all were subjected to 
thoracotomy and resection. Nearly all patients (7 
of 8) with positive celiac nodes had extension of 
cancer outside the esophagus in the medias- 
tinum, whereas only 3 of the 10 patients with 
negative abdominal findings had mediastinal 
extension of tumor (Fig 4). Thus, 70% of the 
patients with negative mediastinoscopy and 
celiotomy underwent curative resection. 

Survival correlated closely with the presence 
of mediastinal or subdiaphragmatic spread of 
tumor, or both. Twenty-three of the 30 patients 
had extraesophageal disease. The 12 patients 
who were not resected died within the first 
postoperative year (mean survival, six months). 
The survival curve was similar in the 11 patients 
undergoing palliative resection (Fig 5). Of 7 pa- 
tients who had resection for cure, 4 are alive and 
free of disease fourteen to thirty months follow- 
ing operation. There were no operative deaths. 
The five patients with abnormal findings on 
mediastinoscopy lived one to five months (Fig 
6). 


Comment 

The extremely poor outlook for patients with 
esophageal cancer demands careful selection for 
excisional therapy. Pretreatment judgment con- 
cerning the operability of a lesion is of obvious 
importance. Efforts at resection which seek only 
palliation ignore sound principles of surgical 
and adjuvant therapy [8, 17] and may deny a 


Fig 4. Celiac metastasis correlated with mediastinal 
extension of tumor. 


Oo 0 OO 0 O Oo tu 
CERERI 
LAPAROTOMY 

| $2 35 4 5 © T 8B 

O O 00 ©. 0 0 © 
Seed EEUU UL 
LAPAROTOMY 

| 2 Ss 4 5 6 T S 

O 


MEDIASTINAL SPREAD 


` * Q'"7'7 
avad Y 1 If | 


gratifying long-term result in a few individuals 
[27]. Conversely, extensive radical resection 
may result in excessive operative mortality [14, 
21] and often involves crippling staged treat- 
ment regimens [14-16]. Furthermore, no pallia- 
tion is achieved in those patients who do not 
complete a treatment course and are unablesto 
swallow. When curative resection is no longer 
an attainable goal, palliative radiation therapy 
may be considered in the patient-who is able to 
swallow [14, 27]. In a patient unable to swallow, 
palliative resection [9, 34], esophageal intuba- 
tion [6, 11, 20], or colon or gastric bypass [1, 26, 
31] might be advisable in selected cases, as seen 
in this and other reports [26]. Curative resection 
is possible in fewer than 2596 of the patients 
with esophageal cancer; it is clear, therefore, 
that a major effort should be directed toward 
defining this potentially curable population. 
Palliation for the unfortunate majority of pa- 
tients with esophageal carcinoma must be indi- 
vidualized once the extent of the disease has 


been ascertained. 
The presence of extraesophageal mediastinal 


disease may be suggested by azygos venog- 
raphy [13, 33], lymphangiography [5], and ab- 
normalities of the esophagogram [2]. Bronchos- 
copy is important in all patients with lesions 
suspected of having invaded the trachea or main 
bronchi [30]. In this study, mediastinoscopy 
was of value in assessing mediastinal extension 
of carcinoma of the upper thoracic and mid- 
thoracic esophagus in 5 patients without endo- 
bronchial abnormality. Previously, the major 
application of mediastinoscopy has been the 
evaluation of mediastinal extension of bron- 
chogenic carcinoma [23, 28, 29]. Lymphatic 
drainage of the esophagus similarly involves 
mediastinal lymph node stations accessible to 
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Fig 5. Life table analysis of 30 patients with 
esophageal carcinoma. 


Q 


1mo X 


2 mo 
ámo 
4 ro 


omo 


6mo 


Fig 6. Six-month survival in 5 patients with positive 
mediastinoscopy. 


the mediastinoscope. A small transverse cervical 
incision permits evaluation of paratracheal, 
tracheobronchial, and subcarinal lymph node 
groups. Fixed, perinodal metastasis provides 
positive evidence of extension of disease be- 
yond the esophagus. Such spread has the same 
grave significance as extraesophageal extension 
identified by bronchoscopy. The mediastino- 
scope allows inspection and biopsy of involved 
nodes under direct vision (see Fig 3). The orni- 
nous implications of positive mediastinoscopy 
are apparent in this series, since survival was 
quite short in these 5 patients (Fig 6). 
 Mediastinoscopy was negative in the remain- 
ing 13 patients with carcinoma of the upper 
thoracic and midthoracic esophagus; no patient 
with carcinoma of the lower thoracic esophagus 


had positive findings at mediastinoscopy. 


.— Akoubiantz and co-workers [3], in Zurich, per- 


formed mediastinoscopy in 16 patients with 
esophageal carcinoma and found metastases to 
lymph nodes in 7 of these patients. In 1 patient 
the primary tumor was located in the lower third 
of the esophagus. These data suggest that the 
contribution of mediastinoscopy to the evalua- 
tion of lower-third lesions will be minimal. The 
present report also shows that negative medias- 
tinoscopy with carcinoma of any level in the 
thoracic esophagus does not assure the absence 
of extraesophageal disease. Mediastinal spread 
of tumor was demonstrated at thoracotomy in 9 
of 17 patients with negative mediastinoscopy 
undergoing resection. Of the 25 patients with 
negative findings at mediastinoscopy, laparot- 
omy demonstrated celiac metastasis in 15. 
Evaluation of metastatic disease in the abdo- 
men usually requires exploratory laparotomy. The 
concept of pretreatment laparotomy as an exclu- 
sion procedure in esophageal cancer was initi- 
ated in 1960 by Nakayama [24]. More recently, 
Guernsey and Knudsen [16] have advocated the 
use of laparotomy with biopsy of the celiac 
lymph nodes before subjecting the patient to 
radical treatment. They noted that radiation 
therapy and operation failed to cure any patient 
found to have metastasis of the celiac lymph 
nodes, and morbidity was significant. The ad- 
verse effect of celiac node metastasis on survival 
has been noted by others [7, 9, 18]. Ina review of 
263 cases, Lawler and associates [18] noted only 
1 long-term survivor with known lymph node 
involvement. In our own study, all patients with 
celiac node metastasis were dead within a year 
(mean survival, six months). Palliative surgical 
resection provided no improvement in length of 
survival (see Fig 5), despite an apparently favor- 
able bias in patient selection. The decision to 
pursue excision of the primary tumor was influ- 
enced mainly by the lack of fixation of the celiac 


metastases. 
Nearly all our patients (7 of 8) with distant 


celiac metastasis undergoing palliative resection 
were found to have extension of cancer outside 
the esophagus in the mediastinum at thora- 
cotomy. However, only 3 of the 10 patients 
with negative abdominal findings had medias- 
tinal extension of tumor (see Fig 4). Curative 
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resection was possible, therefore, in 7096 of the 
patients with negative mediastinoscopy and 
negative celiotomy. The prognostic value of 
negative mediastinoscopy and celiotomy was 
also well demonstrated in our own study. Of 7 
patients with negative findings at mediastinos- 
copy and celiotomy, 4 are alive and free of dis- 
ease fourteen to thirty months following opera- 
tion (see Fig 5). It is clear that such patients are 
prime candidates for resectional therapy. 

Combined mediastinoscopy and celiotomy 
should be considered in all patients presumed 
to have operable carcinoma of the thoracic 
esophagus. Mediastinoscopy alone is of value in 
the assessment of carcinoma of the upper 
thoracic and midthoracic esophagus. Selection 
of surgical treatment based on assessment of 
lymphatic metastasis can avoid excessive mor- 
bidity and identify the favorable candidates for 
aggressive excisional therapy. Patients with 
evidence of extraesophageal mediastinal spread 
are not candidates for surgical resection, and 
there is accumulating evidence that positive 
celiac nodes militate against resection for 
esophageal carcinoma. These patients should be 
spared the rigors of radical therapy, since its 
benefits are so often outweighed by the compli- 
cations. 
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ABSTRACT The preliminary results of a new 
therapeutic approach to carcinoma of the esophagus 
= were reported in 1972. The primary objective of 
treatment should be palliation, with cure an impor- 
tant but secondary goal. 

Lesions in the upper third of the esophagus are 
treated by irradiation unless there is severe obstruc- 
tion or tracheal involvement, in which case colon 
bypass is carried out. Limited resection and 
esophagogastrostomy is performed through a right 
thoracotomy and midline laparotomy for middle- 
third lesions and through a left thoracotomy for 
lower-third carcinomas. 

Since 1969, 85 patients have been evaluated, of 
whom 65 (76%) have been treated according to the 
new protocol. Thirteen patients with upper-third car- 
cinomas were treated primarily by radiation therapy 
. and 6 by colon bypass. Resection was performed in 45 
of the 46 patients with middle- and lower-third le- 
sions. There were 5 operative deaths (9.8%). 

The quality and duration of palliation have been 
far superior to that achieved by previous methods of 
treatment and, perhaps surprisingly, survival rates 
have improved. 


In 1972 we [7] reported the preliminary results of 
a unique therapeutic approach to epidermoid 


carcinoma of the esophagus based on the con- : 


cepts that carcinoma of the esophagus is usually 
incurable and that the primary goal of treatment 
‘should be palliation, with cure an important but 
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secondary objective. This treatmepsscheme was .: 


adopted because our results witha Variety. of” 
therapeutic approaches usedifii: Series of 234 
patients during the twelve;year] ‘period pe! £958 to 
1969 were extremely poorin terms of both pallia- 
tion and survival. Of the 234 patients, only 6 
(2.6%) survived five years. | 

Our 1972 report described 21 patients treated — 


according to the new protocol during the years 
1969 to 1971. Between December 31, 1971, and © 


April 1, 1976, an additional 44 patients were 
treated according to the same protocol. This re- 
port presents the results of a total of 65 patients 
treated with the goal of palliation. 


Methods 


For purposes of defining the location of the le- 
sion, the esophagus is divided into segments 
according to the method of Parker and Gregorie 
[11]. The lesion is considered to be in the upper 
third if it is 20 to 26 cm from the incisor teeth, in 
the middle third if it is 26 to 36 cm away, and in 
the lower third if it is 36 to 45 cm away. 
Esophagoscopy is done in every patient on ad- 
mission to obtain a tissue diagnosis and to ascer- 
tain the level of the lesion. Bronchoscopy is also 
done in patients with upper- and ena 
neoplasms to rule out tracheobronchial in- 
volvement. 


Treatment Plan 

Patients with upper-third neoplasms are — 
by radiotherapy unless they have | severe 
obstruction or unless bronchoscopy indicates 
that the tumor has invaded the membranous 
trachea (Table 1). In these situations, sub- 
sternal colon bypass is carried out. When the 
patient remains in satisfactory nutritional con- 
dition following colon bypass and the tumor 
appears localized to the mediastinum, total 
thoracic. esophagectomy through a right 
thoracotomy is carried out three to five weeks 
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Table 1. Treatment of Epidermoid 
Carcinoma of the Esophagus 





Location of 
Treatment Plan 


Radiotherapy; colon bypass 
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after bypass. If the tumor invades local struc- 
. tures, a palliative resection is done and radiation 
therapy i is administered postoperatively. 
Patients with middle-third neoplasms in 
whom bronchoscopy has demonstrated no 
tracheobronchial invasion are subjected to re- 
section and immediate esophagogastric anas- 
tomosis through combined right thoracotomy 
and upper midline laparotomy incisions. Two 
surgical teams work simultaneously during 
much of this procedure. An attempt is made to 
divide the esophagus 5 cm above the tumor, and 
a frozen section is obtained of this margin to 
make certain it is tumor free. Extramural tumor 
extensions and involved lymph nodes in the 
immediate vicinity of the esophagus and cardia 
are removed, but there is no concerted effort to 
carry out a wider or more radical excision or 
node dissection. In the vast majority of cases 
residual tumor is left behind, but esophageal 
resection is almost invariably carried out in 
every patient who undergoes thoracotomy no 
matter how extensive the tumor is found to be 
and no matter how much tumor must be left 
behind. When small deposits of neoplasm are 
allowed to remain in the mediastinum, these are 
marked with metallic clips so that postoperative 
radiation therapy may be directed to the area. 
The anastomosis is made with two rows of inter- 
rupted fine silk sutures with the knots of the 


inner row tied inside the lumen. A 16F nasogas- - 


tric tube is guided into the stomach as the anas- 
tomosis is being completed. A pyloroplasty is 
routinely performed. 

In individuals with lowerthud carcinomas, 
esophagogastrectomy with esophagogastros- 


tomy is accomplished through a left thora- 
cotomy with incision of the diaphragm. The 
resection is no more radical than in middle- 
third lesions. À pyloroplasty is performed if the 
pylorus is easily accessible through the incision 
in the diaphragm. Postoperative radiation 
therapy is usually not given since the residual 
tumor in these cases most often is not confined 
to the mediastinum but is present below the 
diaphragm. 


Selection of Cases 

The only patients with middle- and lower-third 
neoplasms excluded from palliative esoph- 
agogastrectomy are those who are prohibitive 
operative risks because of extreme senility or 
associated severe medical illnesses and those in 
whom bronchoscopy discloses tumor invading 
the tracheobronchial tree, with or without 
tracheoesophageal fistula. These patients are 
treated by insertion of a Mousseau-Barbin or 
Celestin intraluminal tube or by palliative radia- 
tion therapy. 


Preoperative Preparation 


Patients are carefully prepared for operation. 
Individuals with poor oral hygiene are given 
needed dental extractions and mouth care. Pa- 
tients are required to cease smoking several days 
before operation. An intensive regimen of respi- 
ratory therapy is used, consisting of postural 
drainage, bronchodilation, inhalations from an 
ultrasonic nebulizer, and at times broad- 
spectrum antibiotics. Preoperative digitaliza- 
tion is used only if congestive heart failure is 
present. 

If the patient is not completely obstructed, 
high-calorie, high-protein liquid feedings are 
given to restore positive nitrogen balance. If 
obstruction is complete or nearly so, intrave- 
nous hyperalimentation is administered for at 
least a week. If even a mild degree of anemia is 
present, it is corrected by the administration of 
packed red blood cells. 

Prior to colon bypass the bowel is thoroughly 
cleansed mechanically by laxatives and enemas. 
Neomycin is given in a dose of 1 gm every four 
hours for six doses during the twenty-four hours 
before operation. 
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Postoperative Care 
: Postoperative care begins with careful in- 
“traoperative monitoring. Arterial and central 
venous pressure and urine output are deter- 
mined continuously during operation and into 
the early postoperative period. Both fluid over- 
.load and its opposite, undertransfusion, are 
carefully avoided. 

Intensive chest physical therapy is continued 
in the postoperative period. Arterial blood gases 
are watched closely. An occasional patient with 
severe chronic obstructive pulmonary disease 
may require tracheostomy and mechanical ven- 
tilation. 

We consider it vital to avoid stressing ‘the 
anastomosis before it has had a chance to heal 
in these nutritionally depleted patients. The 
nasogastric tube is attached to low intermittent 
suction and is irrigated with saline every two 
hours. Intravenous hyperalimentation is begun 
on the second or third postoperative day and is 
continued until the seventh day. On the seventh 
postoperative day a barium swallow is per- 
formed; if no leak is apparent, the nasogastric 
tube is removed and oral liquids are begun. 
Intravenous hyperalimentation is gradually re- 
duced as the oral liquid intake is increased. The 
patient usually progresses to a regular diet by 
the twelfth day. 

If the barium swallow on the seventh post- 
operative day demonstrates a leak at the anas- 
tomosis, as it did in a few patients, the nasogas- 


with squamous cell carcinoma of the esophagus 
evaluated by the thoracic surgical service. 
Twenty patients were excluded for the reasons 
outlined above. The 65 patients ranged in age 
from 33 to 76 years, with a mean age of 58 years. 
Sixteen were white and 49 were black; there 
were 53 men and 12 women. In all patients the 
diagnosis of squamous cell carcinoma of the 
thoracic esophagus was obtained from esoph- 
agoscopic biopsy or from the surgical spec- 


imen. No patients with carcinoma: of "thezeers- 


vical esophagus are included in the present 
series. The presenting complaint in almos: all of 
these patients was dysphagia, and the majority 
had lost 9 kg or more in weight. 


Clinical Experience and Results 

Upper-Third Carcinomas 

Twenty-three patients with squamous cell car- 
cinoma of the upper third of the thoracic 
esophagus were evaluated by the thoracic surgi- 
cal service (Table 2). Four were excluded from 
the protocol; 2 of these 4 had extensive tracheo- 
bronchial invasion that precluded radiation 
therapy and severe medical problems that made 
them poor risks for colon bypass. One of these 
was treated with a Mcusseau-Barbin tube and 
the other died before definitive therapy could be 
carried out. The other 2 patients excluded from 
the protocol were debilitated by associated med- 
ical conditions and were not candidates for 
dither radiation therapy or bypass. The average 


tric tube is left in place and hyperalimentation is st survivalof these patients was one month from 


continued for a further seven days. A repeat 
barium swallow at this time almost invariably 
shows healing of the leak. 


Radiation Therapy 

In those patients with middle-third neoplasms 
in whom deposits of tumor not more than 2 cm 
in greatest diameter are left behind, radiation 
therapy to a total dose of 6,000 rads is adminis- 
tered over a period of six weeks. This is not 
begun until the patient has achieved a stable 
nutritional state, that is, three to five weeks 
postoperatively. 


Patient Population | 


The 65 patients in the protocol came from a 


larger group of 85 patients including all those 


date of diagnosis. 

Thus 19 patients who had carcinoma of the 
upper third of the esophagus were treated ac- 
cording to the protocol; 13 of these were treated 
primarily by radiation therapy. The remaining 
6 were considered unsuitable for radiation 
therapy because of either a high degree of 
obstruction or the likelihood of radiation- 
produced tracheoesophageal fistula; fuese pa- 
tients were treated by operation. 

Eleven of the 13 patients come: the course 
of radiation therapy. Thattftfation of survival 
ranged from 3.6 to,2getnonths, with a mean of 
10.1 months. AIF 'üchieved restoration of swal- 
lowing fyngtion ` that was maintained until 
shortly;*before death. Three eventually de- 
veloped tracheoesophageal fistula, and in 2 the 





a= 


a 
? 


403 Hankins et al: Carcinoma of the Esophagus —- , 


Table 2. Epidermoid Carcinoma of the Esophagus: Upper-Third Carcinomas (23 patients) 


No. of 
Treatment Patients 
Included in protocol 
Treated by radiotherapy 
Complete course 11 
Incomplete course 2 


Treated by Spération 


7 GBD. -bypass 2 


` Colon bypass + resection 4 
Excluded from protocol . 

Mousseau-Barbin tube ` 1 

Supportive treatment only 3 


fistula was accompanied by fatal hemorrhage. A 
fourth patient developed an esophagopulmo- 
nary fistula with fatal overwhelming pulmonary 
infection. Two patients developed increased 
esophageal obstruction during radiation 
therapy, and therapy was discontinued. Neither 
survived more than a month although a 
Mousseau-Barbin tube was inserted in 1. 
Among the 6 surgically treated patients there 
were no operative deaths. Two underwent sub- 
sternal colon bypass. Both survived 3 months 
and retained fair swallowing ability during this 
time. Three were treated by colon bypass, fol- 
lowed later by resection, and survived 2.8, 4.2, 
and 8.3 months, respectively. The longest survi- 
val was in a patient who received early posta. 


No. . Mean 
Operative Receiving Survival 
Deaths Palliation (mo) 
11 10 
0 1 
0 yi 3.3 
0 4 4.7 
1 0 1:9 
0 1 


achieved fairly satisfactory deglutition. The one 
serious complication was a cervical esoph- 
agocutaneous fistula, which required sev- 
eral weeks to close. One patient underwent a 
one-stage esophagectomy and colon interposi- 
tion. She required a pyloroplasty three weeks 
postoperatively because of gastric retention, 
and survived 3.6 months. Satisfactory degluti- 
tion was present during most of this time. 


Middle-Third Carcinomas 


Forty-five patients with squamous cell car- 
cinoma of the middle third were evaluated (Ta- 
ble 3). Fifteen of these were excluded from the 
protocol, 14-because of associated medical prob- 
lems producing a prohibitive risk in 8 patients, 


operative tumoricidal radiation therapy. Alls, tracheobronchial invasion noted at bronchos- 


Table 3. Epidermoid Carcinoma of the Esophagus: 
Middle-Third Carcinomas (45 patients) 





No. Mean 
No. of | Operative Receiving Survival Range 

Treatment Patients Deaths Palliation (mo) (mo) 
Included in pretocol 

Esophagogastrectomy 18? 4 14 Via 0.2-34.3 

Esophagogastrectomy + postop radiotherapy 7° 0 7 16.7 4.5-49.1 
Excluded from: pratocol 

Radiotherapy CER: 3 1 2.8 1.0-6.0 

Mousseau-Barbin tuber" 3 0 3 4.3 1.8—6.3 

Preop radiotherapy + edijpgosastreciomy 1 0 1 4.3 

Gastrostomy Dp. 1 0 0 1 

Supportive treatment only 9“, 7 0 1 


ty tty 





"Includes operative deaths, but dahas 3 panes m at 16, 16.5, and 24 months. 


PExcludes 2 patients alive at 12 and 76 months. 
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copy in 5 patients, and widespread blood-borne 
metastases in 1 patient. In addition, 1 patient 
from another hospital was treated by preopera- 
tive radiation therapy followed by esophagogas- 
trectomy. She survived 4.3 months. Of the re- 
maining 14 patients excluded from the protocol, 
3 were treated by radiation therapy. One of 
these survived 6 months with satisfactory swal- 
lowing, but the other 2 died within 2 months 
without receiving appreciable palliation. Three 
patients were treated by Mousseau-Barbin tube 
insertion and survived 1.8, 5, and 6 months, 
respectively, all with satisfactory deglutition. 
One patient received a gastrostomy after an 
unsuccessful attempt at insertion of an intralu- 
minal tube; she survived 1 month. The remain- 
ing 7 patients received only supportive treat- 
ment, and none survived more than 2 months. 
Thirty patients were treated by esophagogas- 
trectomy with  esophagogastrostomy. All pa- 
tients who were explored also had resection. 
Nine of these patients were treated with 
tumoricidal radiation therapy early in the post- 
operative period, before obvious recurrence 


had- developed. Of the 30 patients treated by ` 


esophagogastrectomy, 4 died postoperatively 
(13%). The. causes of death were diverse (Table 
4). Two men with cirrhosis, aged 73 and 67, died 
of hepatic failure. In the former death, broncho- 
pneumonia also played a part, and in the latter 
an iatrogenic late disruption of the anastomo- 
sis caused by the forceful blind passage of a 
nasogastric tube was a contributing factor. One 
patient died of unexplained shock and respira- 


tory failure on the fifth postoperative day. One, 
whose tumor had been entered with spillage 
during resection, died of overwhelming sepsis 
from a synergistic necrotizing infection of the 
thoracic and abdominal incisions, with dehis- 
cence of the former. There was no evidence..of 
anastomotic leak. E 

Major nonfatal complications w were. few. One 
patient developed an anastomotic leakithat led 
to a stricture; she did not respond. to dilation, 
and ultimately the anastomosis was revised 
with a successful outcome. One other patient 
developed a stricture at the anastomosis, but 
this responded well to dilations. One patient in 
whom pyloroplasty had been omitted at the time 
of esophagogastrectomy required this proce- 
dure 5 months later. Three patients required 
tracheostomies with mechanical ventilation for 
respiratory insufficiency. One patient required 
a laparotomy in the early postoperative period 
for small bowel obstruction caused by adhe- 
sions. 

Two patients survived more than four years: 
one remains alive at six years and the other died 
of a primary oat cell carcinoma of the lung at 49 
months, with no evidence of recurrence of the 
esophageal carcinoma. The survival in this se- 
ries of patients can best be expressed by com- 
parison with those at risk. The number surviv- 
ing at one year after operation (of all patients 
operated on more than one year ago) was 11 of 27 
patients (41%); at two years, 4 of 22 patients 
(18%); and at five years, 1 of 9 patients (11%). 

The number of patients treated with and 


Table 4. Incidence and Causes of Operative Mortality in Epidermoid Carcinoma of the Esophagus 


No. of Bypass Deaths 
Location of or Bypass + No. ————— 
Carcinoma Resection Operations Resected No. Yo 
Upper third | 
Bypass only 2 0 0 
Bypass + resection 4 0 0 
Middle third 30 4a 13 
Lower third 15 I9 dw 
Subtotal 6 45 5 11i 
Wp $ 
Total operations 51 5 9.8 


?Two deaths from cirrhosis, hepatic failure; 1 from shock, respiratory failure; 1 from wound sepsis. 
"Death caused by anastomotic leak, reoperation, and cardiac arrest. 


— 
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without early postoperative radiation therapy is 
too small to permit a statistically valid compari- 
son. However, it is worthy of note that while 
only 9 of the 30 patients received postoperative 


radiation therapy, 3 of the 4 who survived more - 


than two years and both of those who survived 
more. than four years received such therapy. 
The gégree of palliation achieved was gratify- 
l a patient was able to ingest a 
normal diet and to swallow satisfactorily almost 
to-the time of death. 


Lower-Third Carcinomas 


Seventeen patients with lower-third carcinomas 
were evaluated (Table 5). One patient was 
excluded from the protocol because of extensive 
metastases as well as severe chronic lung dis- 
ease, He was treated with an intraluminal tube 
but survived only two days. Sixteen patients 
underwent thoracotomy according to the pro- 
tocol, but 1 tumor was found to be nonresectable 
because of extensive spread to the diaphragm, 
celiac axis, and liver. A Mousseau-Barbin tube 
was inserted in this patient, who survived 1 


month with adequate deglutition. The remain- 


ing 15 patients were treated by esophagogastrec- 
tomy with esophagogastrostomy; early post- 
operative radiation therapy was administered 
for residual disease in the mediastinum in 5 of 
these patients. 


There was 1 postoperative death (6.7%) | 


among the 15 patients treated by resection. This 
was the only patient in the entire series who 
died primarily from an anastomotic leak. This 
patient’s carcinoma was in the proximal portion 
of the lower third. Contrary to our usual prac- 


tice, resection was performed through com- 
bined right thoracotomy and laparotomy in- 
cisions. An. anastomotic leak, which became 
apparent on the fourteenth postoperative day, 
was treated by thoracotomy, revision of the 
anastomosis, and drainage of an empyema. Car- 
diac arrest with cerebral hypoxia occurred soon 
after this second operation and led to the pa- 
tient's death twenty-two days after resection. 
Of the 14 patients who survived resection, 3 


had major complications. One had an episode of 


aspiration pneumonia and lung abscess four 
years after resection; this patient also suffered 
chronically from reflux esophagitis. Respiratory 
insufficiency requiring tracheostomy occurred 
in another patient, who had chronic obstruc- 


. tive pulmonary disease. A third patient had an 


incipient anastomotic leak that healed after an 
additional week of hyperalimentation. 

One patient remains alive and without evi- 
dence of disease at just under seven years. Con- 
sidering survival irr terms of those at risk, the 
number who survived one year or more after 
operation (of all those operated on more than 
one year ago) was 7 of 14 patients, or 50%. The 
number who survived two years or more was 4 
of 12 patients, or 33%. Three of 11 patients, or 
27%, were three-year survivors. 

Statistically, no valid comparison can be made 
between the 5 who received early postoperative 
radiation therapy and the 10 who did not. None 
of the 3 patients who survived more than three 
years received irradiation. 

The palliation provided these patients was ex- 
cellent, and the ability to swallow solid food was 
restored in all. 


Table 5. Epidermoid Carcinoma of the Esophagus: Lower-Third Carcinomas (17 patients) 








| No. Mean 
No. of | Operative Receiving Survival. Range 

Treatment | Patients Deaths Palliation (mo) (mo) 
Included in protocol 

Thoracotomy, Mousseau-Barbin tube 1 0 1 1 n 

Esophagogastrectomy 83 1 7 B 1.5-37.1 

Esophagogastrectomy + postop radiotherapy 5 0 5 7.6 3.8—15.5 
Excluded from protocol _ 

Insertion of intraluminal tube 1 1 0 0.1 


"Includes 1 operative death; excludes 2 patients alive at 17 and 83 months. 
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Combined Data 


It is useful to combine the survival data of the 30 
patients treated by resection for middle-third 
lesions with those of the 15 who underwentresec- 
tion for lower-third neoplasms, since the opera- 
tions performed at these levels are similar. The 
combined operative mortality was 5 of 45 pa- 
tients, or 1196. At this writing, 7 of these 45 
patients are alive at one to just under seven 
years following operation. Considering all 45 
patients, those who lived one year or more to- 
taled 18 among 41 at risk, or 4496. The five-year 
survival rate was 2 among 14 patients at risk, or 
14% (Table 6). 

If one includes with these two groups the 19 
patients treated according to the protocol for 
upper-third lesions and considers all patients, 
whether dead or alive, the average survival for 
all 65 patients has reached approximately 12 
months. The operative mortality among all 51 
surgically treated patients was 5 patients, or 
9.8%. 


Comment 
Squamous cell carcinoma of the esophagus, 
however it is treated, is attended by one of the 
lowest overall cure rates of all common solid 
tumors [14]. Therapeutic efforts aimed at im- 
proving this situation have generally taken two 
forms, more radical resection and resection pre- 
ceded by irradiation. 

In 1963 Logan [9] was able to aere a 14.9% 
five-year survival rate at the expense of a 25% 


Table 6. Esophagogastrectomy for Middle- and 
Lower-Third Carcinomas: Survival in Terms of 
Those at Risk (45 patients) 


Patients Living? 


Period of Patients % of Those 
Follow-up at Risk? No. at Risk 

1 yr 41 18 44 

2 yr 34 8 24 

3 yr 29 5 17 

4 yr 23 3 13 

5 yr 14. 2 14 


“The 5 operative deaths (1196) are included in determining 
those at risk. 
’Seven patients are now alive at 12 to 83 months. 


operative mortality by the use of a very radical 
resection. We consider this too great a price to 
pay forthe result obtained. More recently radical 
resection has been carried out by Skinner [15] in 
23 patients with a 496 operative mortality, but 
the series is too small and the follow-up too short 
to permit the conclusion that an increased long- 
term survival will result. 

Led by Nakayama [10] and Parker [11-13] and 
their associates, many workers [2, 4—7, 8, 15] 
have attempted to improve cure rates by com- 
bining preoperative irradiation with-resection. 
Most have been unable to show convincingly 
that combined therapy achieves better survival 
rates than those provided by resection alone, 
and the morbidity and mortality attending this 
regimen are prohibitive. Some authors [2. 3, 5, 
15] have given combination radiation-resection 
therapy a trial, but they have become convinced 
that it is not advantageous and have returned to 
advocating resection alone. 

We believe there is no logic in a therapeutic 
regimen in which the mortality of treatment far 
exceeds the cure rate. Further, in our opinion a 
therapeutic regimen that does not cure and that 
is attended by a greater morbidity than pallia- 
tion rate is not justifiable. By these criteria none 
of the radical therapeutic protocols aimed at cur- 
ing carcinoma of the esophagus, including radi- 
cal resection and radiation-resection, are valid. 
Thus, at this stage in our knowledge and ability 
to treat this cancer, palliation becomes a primary 
goal, with cure an important but secondary con- 
sideration. 

The problem is two-fold. Can one achieve 
adequate palliation and yet not jeopardize the 
overall possibility of cure? Our results with the 
proposed therapeutic protocol indicate that such 


is the case. Not only has the mortality from 


treatment been low, but palliation has been ex- 
cellent and, perhaps surprisingly, the cure rate 
has been as high as that achieved by far more 
radical measures. 

We believe that limited resection is the treat- 
ment of choice for middle- and lower-third le- 
sions, with colon bypass a clear alternative to 
irradiation in upper-third lesions, but it is obvi- 
ous that not all patients are candidates for such 
operations. For example, Belsey and Hiebert [1] 
noted a 43% operative mortality in the group of 


-— 
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patients treated during the last five years of their 


study, during which time they performed - 


esophagectomy on 97% of all patients seen. 
some selection is inevitable. Endoesophageal 
tubes are indicated in those patients with 
esophagotracheal or esophagobronchial fis- 
tulas, and palliative irradiation is of value in 
patients whose condition does not allow opera- 
tive intervetition. 

Our protocol is sufficiently liberal so that pa- 
tients who have a reasonable possibility of re- 
ceiving palliation are not excluded, and yet suf- 
ficiently selectivé so that the operative mortality 
remains slightly below 10%. Yet the five-year 
survival rate is 14%, which is approximately the 
same as that achieved by Logan [9]. 

A major factor in achieving alow mortality is 
the avoidance of serious anastomotic leaks. We 
believe the low incidence of this complication in 
this series can be attributed to a number of fac- 
tors, including the restoration and maintenance 
of an optimal nutritional state, the avoidance of 
preoperative irradiation, careful preservation of 
the anastomotic blood supply, and meticulous 
suture technique. The use of hyperalimentation 
preoperatively and postoperatively replenishes 
protein stores initially and maintains adequate 
nutrition until anastomotic healing is secure. 
Incipient leaks are detected by barium swallow 
before feeding is begun, and they almost in- 
variably heal if oral feeding is withheld while 
further parenteral nutritional support is given. 
In the overall series of Belsey and Hiebert [1], 
20 of the 140 patients undergoing resection de- 
veloped suture line leaks, and in 15 patients 
(11%) the leak was the primary cause of death. 
Skinner [15] attributes his low incidence of anas- 
tomotic leaks to an end-to-side technique in 
anastomosing the esophagus to the stomach. We 
see no need for special anastomotic techniques. 
In our entire series of 51 operations involving an 
esophageal anastomosis, there was only 1 fatal 
suture line leak. Possibly even this death would 
not have occurred if the patient had been treated 
conservatively, as is our present method, in- 
stead of by reoperation. 

The place of radiation therapy in the treatment 
of carcinoma of the esophagus is still unclear 
[16]. It seems the treatment of choice in upper- 
third lesions. In middle- and lower-third car- 


cinomas preoperative irradiation is attended by 
too high a morbidity and mortality to offset the 
gain, if any, made in survival [3, 6, 7]. We think 
that if irradiation is to be used in this group, it 
should be administered postoperatively. In this 
way it can be directed specifically to areas of 
spread that have been marked by the surgeon at 
operation. Further, the patient is assured of 
satisfactory deglutition and nutrition during the 
period of radiation treatment. There have been 
no complications, such as fistula formation, 
with the use of postoperative radiotherapy. | 

In the case of the middle-third lesions in our 
series, there is some suggestion that postopera- 
tive radiotherapy increases survival, though the 
data are not sufficient for statistical validity. 
Confirmation of this impression will have to 
await the accumulation of further data. On the 
other hand, the results in thé few patients given 
postoperative irradiation for lower-third car- 
cinomas suggest, again without statistical sig- 
nificance, that such therapy is of no value in this 
group. If this is actually the case, it could reflect 
the fact that lower-third carcinomas are more 
likely to metastasize below the diaphragm to 
areas less accessible to irradiation. 
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Notice from the Southern Thoracic Surgical Association 


The Twenty-fourth Annual Meeting of the 
Southern Thoracic Surgical Association will be 
held at the Marco Beach Hotel, Marco Island, FL, 
on November 3—5, 1977. There will be a: $100 
registration fee for nonmember physicians ex- 
cept for guest speakers, authors and coauthors 
on the program, and residents. 

Members wishing to participate in the scien- 
tific program should submit abstracts, in tripli- 
cate, by June 1, 1977, to James E.-Cousar, M.D., 
2700 Riverside Ave, Jacksonville, FL 32205. 
Abstracts should be double-spaced on one side 
of one sheet of paper, with a 1-inch left margin, 


and limited to 200 words. All slides used during 
the presentation must be 35 mm. The abstract 
must list a member as coauthor. Manuscripts of 
accepted papers must be submitted to The An- 
nals of Thoracic Surgery by October 15, 1977. 

Applications for membership should be com- 
pleted by September 1, 1977, and forwarded to 
James L. Alexander, M.D., 40 Medical Arts 
Center, Savannah, GA 31405. 


J. Kent Trinkle, M.D. 
Secretary-Treasurer 
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New Trends in Esophageal 


Replacement for Benign Disease 





A e Pn the past three years 21 patients have 
eig op Iregeal replacement for benign disease: 

6 patient j eii cáüstic stricture, 5 with reflux 
esophagitis a withiheuromotor abnormalities, 2 with 
strictures following ‘Yaddiation therapy, 1 with iat- 
rogenic pertoration; 1 with monilial esophagitis, and 
1 with esophageal atresia. Esophageal substitution 





“was achieved using isoperistaltic left colon in 17 pa- 
“atients and stomach in 4. The preoperative evaluation, 


postijperative results of 
esophageal replacement in these patients are dis- 
cussed. Changing trends in the benign conditions 


requiring esophageal substitution are reviewed. 


complications, and 


Esophageal substitution for nonneoplastic dis- 
ease is indicated in a variety of situations that 
are only relatively "benign," since the inability 
to propel food from the mouth into the stomach 


inanormal fashion, regardless of the cause, may 


have disastrcus effects upon nutrition and gen- 
era] health. The nature and frequency of the 
disorders requiring esophageal replacement 
have recently changed, at least partially because 
of advances in the surgical treatment of reflux 
esophagitis and partially as a result of the com- 
mercial availability of newer, extremely corro- 
sive oven and drain cleaners. This discussion 
reviews the current spectrum of indications for 
esophageal replacement for benign disease and 
some of the major technical considerations in 


the available reconstructive procedures. 


Clinical Material 


In the past three years 21 patients (12 male and 9 
female), ranging in age from 2 to 60 years, have 
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required esophageal replacement for dysphagia 
resulting from benign disease: 6 patients with 
caustic strictures; 5 with reflux esophagitis; 5 
with esophageal neuromotor abnormalities; 4 
patients had strictures, 2 following radiation 


therapy, 1 from iatrogenic perforation, 1 from  .- 


monilial esophagitis, and 1 from esophageal 
atresia (Table). Y 

Esophageal dilations failed to elis dys- 
phagia in 5 of the 6 patients with caustic stric- 
tures and resulted in perforation in Patient 9 
when attempted prematusely only 11 days after 
his injury: Four of the 5 patients’ with reflux 
esophagitis had«peptic strictures. In Patient 4 
peptic stricture followed a distal esophagectomy 
with esophagogastrostomy for benign stricture 
without a gastric drainage procedure. Patient 2 
had recurrent reflux esophagitis following a Bel- 
sey transthoracic hiatal hernia repair that was 
complicated by delayed gastric emptying from 
vagus nerve injury. 

In all 5 patients with esophageal neuromotor 
abnormalities, previous esophagomyotomy had 
failed to provide lasting relief from dysphagia 
and regurgitation. In Patients 13, 15, and 16, the 
combination of an esophagomyotomy with a 
gastric fundic wrap (Nissen fundoplication 
or Collis-Belsey procedure) had resulted in 
functional distal esophageal obstruction. 

There were 2 postirradiation esophageal stric- 
tures in this series; the first case involved the 
upper and midthoracic esophagus and occurred 
18 months after the patient (No. 17) received 
5,000 rads to the mediastinum as treatment for 
an unresectable thymoma. In the second case, 
Patient 18 developed a cervical esophageal stric- 
ture approximately 20 months after receiving 
5,000 rads to the neck for an epiglottic squamous 
cell carcinoma. 

Patient 19 had a nondilatable distal esoph- 
ageal stenosis following several attempts 
elsewhere to repair an iatrogenic perforation 
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Esophageal Replacement for Benign Disease 








Patient No., Prior Esophageal Operations 
Age, and (interval before 
Sex Esophageal Disorder esophageal replacement) Operation 
1. 67,M Recurrent HH, peptic strícture Transabdominal HH repair twice (4 yr, 3 Distal esophagectomy, 55 colon interposition 
yr) Hs o 
2. 50, M Recurrent HH, ulcerative reflux Transthoracic HH repair (1 yr) Distal esophagectomy, SS colon interposition 
esophagitis E 
3. 59, M HH, peptic stricture; previous Drainage of mediastinum and bilateral Subst. colon interposition 
spontaneous perforation empyemas after spontaneous 
perforation (14 yr) à 
4, 64, F Peptic stricture after Distal esophagectomy, Thoracic esophagectomy; cervical 
esophagogastrostomy esophagogastrostomy (1 yr) esophagogastrostomy 
5. 69, M HH, peptic stricture Thoracic esophagectomy; cervical 
te esophagogastrostomy i 
6. 23, F Caustic stricture Dilations (6 mo) Thoracic esophagectomy; LS colon 
interposition — 
7. 26, F Caustic stricture, HH, reflux esophagitis Dilations (25 yr) Thoracic esophagectomy; LS colon 
be a "4 interposition 
8. 45, F Caustic stricture Dilations (4 mo) Subst. colon interposition 
9. 53, M Perforation of acute caustic stricture Thoracic esophagectomy, cervical Subst. colon interposition 
US esophagostomy, gastrostomy (1 mo) 
10. 31, M Caustic stricture Dilations (2 mo) Subst. colon interposition; subtotal 
gastrectomy 
11.21,M Caustic stricture Poe Dilations (1 mo) Subtotal gastrectomy, thoracic 
i esophagectomy; LS colon interposition 
12. 30, M Achalasia; reflux esophagitis Esophagomyotomy twice (24 yr, 7 yr); Substernal reversed gastric tube bypass 
; ! transthoracic HH repair (7 yr) 
13. 24, M Achalasia . i., Esophagomyotomy twice (6 yr, 2 mo); Thoracic esophagectomy; LS colon 
v Collis-Belsey repair (2 mo) interposition 
14. 61, F Achalasia, megaesophagus Esophagomyotomy, esophagoplasty (1 Thoracic esophagectomy; LS colon 
yr) interposition 
15. 39, F Diffuse spasm; reflux esophagitis Transabdominal Nissen HH repair (5 Thoracic esophagectomy; LS colon 
yr); esophagomyotomy (2 yr); interposition 
takedown of HH repair (1 yr) 
16. 22, F Diffuse spasm Esophagomyotomy (10 yr); Thoracic esophagectomy; LS colon 
: en. * transthoracic HH repair (1 yr); interposition 
esophagomyotomy, Collis-Belsey 
repair (6 wk) 
17. 47, F Radiation stricture, upper thoracic Subst. colon interposition 
esophagus `. ` | 
18. 555 M Radiation stricture, cervical esophagus Partial resection, dilations (2 yr) Subst. colon interposition 
19. 57, F _ Stricture after perforation Transabdominal HH repair, repair of Distal esophagectomy; esophagogestrostomy 
perforation, esophagomyotomy (1 yr) 
20. 49, M Monilia] stricture, cervical perforation Dilations, drainage of cervical Subst. colon interposition 
i l i perforation (3 mo) 
21. 2, M Atresia, TEF Division of TEF; cervical Sukst. colon interposition 
l esophagostomy, gastrostomy (2 yr} 
HH = hiatal ‘hernia; SS = ;Short-segment colon interposition; LS = long-segment colon interposition; subst. = substernal colon interposition; TEF = 


tracheoesophageal fistula, ¿© ~ 


that had occurred during a transabdominal 
Nissen fundoplication. Severe 


esophagitis, resulting in an extensive nondilat- | 


able stricture, occurred in Patient 20, a diabetic 
who received broad-spectrum antibiotic ther- 
apy following a. partial small bowel resec- 
tion. After 3 months of unsuccessful dilations, 
during which the cervical esophagus was perfo- 
rated, he underwent substernal colonic interpo- 
sition. Patient 21, a 2-year-old boy who had 
undergone division of a tracheoesophageal fis- 
tula with feeding gastrostomy and cervical 


CAE 'esophagostomy for esophageal atresia at 3 


days of age, underwent substernal colonic 
. esophageal substitution. 


monilial . 


Procedure 
Preoperative Evaluation 


Preoperative evaluation of adult patients con- 
sisted of a barium swallow examination and 
esophagoscopy. Rigid esophagoscopy, with 
evaluation of the pliability of the esophageal 
stenosis using Jackson dilators, biopsy, and di- 
lation (when possible using Hurst-Maloney di- 
lators), were performed under general anes- 
thesia in all 16 patients with organic esophageal 
obstructions. The .fiberoptic esophagoscope was 
used in the other 4 adults with esophageal motor 
abnormalities. A preoperative barium enema 
was ‘obtained in each candidate for colonic 
esophageal replacement. 


i 
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Operation 


Esophageal substitution was achieved using 
isoperistaltic left colon based upon the ascend- 
ing branch of the left colic artery (17 patients) 
and stomach (4 patients) (see the Table). Among 
the 17 patients in whom colon was used, 7 
underwent one-stage total thoracic esophagec- 
tomy and long-segment colonic interposition 
with a cervical esophagocolonic anastomosis, 2 
had distal esophagectomies and short-segment 
colonic interpositions, and 8 underwent sub- 
sternal colonic interpositions. A left thoracoab- 
dominal incision, mobilizing the colon through 
the peripherally opened diaphragm, was used 
whenever one-stage esophagectomy and recon- 
struction with colon was performed. Two of the 
patients with caustic esophageal strictures had 
associated gastric stenosis from their caustic in- 
juries. In Patient 10 a one-stage sleeve resection 
of the stomach and substernal colonic interposi- 
tion was performed. In Patient 11, subtotal gas- 
tric resection was followed by a one-stage 
thoracic esophagectomy and left colonic inter- 
position after one month. Of the 4 patients in 
whom stomach was used to replace the 
esophagus, 2 underwent one-stage total thoracic 
esophagectomy with a cervical esophagogastric 
anastomosis, 1 had resection of the distal 
esophagogastric anastomosis and a new in- 
trathoracic esophagogastrostomy, and 1 under- 
went a substernal reversed gastric tube bypass. 


Results 


The nature and frequency of postoperative com- 
plications were influenced by the age, nutri- 
tional status, previous operative history, and 
extent of the esophageal injury in these patients. 
A cerebrovascular accident ultimately resulted 
in the death of Patients 14 and 5 at 4 months and 
16 days after operation, respectively. After re- 
section of a megaesophagus from the left chest 
in Patient 14, intrathoracic hemorrhage oc- 
curred, requiring a right thoracotomy for control 
of bleeding from pleural adhesions. 

Patient 12 underwent a substernal reversed 
gastric tube bypass. A cervical anastomotic leak 
developed that had still not closed after 6 weeks, 
when an unexplained respiratory arrest oc- 
curred, with secondary anoxic brain damage. 
The patient died from sepsis 13 weeks after the 
bypass procedure; postmortem examination 


showed purulent pericarditis associated with a 
gastric tube-pericardial fistula. This represents 
the only death in this series directly attributable 
to the bypass procedure. 

In Patient 9, severe upper esophageal injury 
following ingestion of lye crystals necessitated 
anastomosing the colon graft to the scarred cer- 
vical esophagus, and a cervical anastomotic leak 
and stricture developed. This patient also sub- 
sequently required release of extensive intraoral 
and pharyngeal scars. r 

Patient 15 experienced a transient cervical 
anastomotic leak and wound infection after a 
colonic interposition operation that was pro- 
longed because of dense intraabdominal and 
mediastinal adhesions associated with her prior 
operations. Similarly, Patient 20, a diabetic, de- 
veloped a pelvic abscess following a substernal 
colonic bypass that was complicated by exten- 
sive adhesions from his prior peritonitis and 
abdominal operations. 

Patients 7, 10, and 17 experienced postopera- 
tive high small bowel obstruction after colonic 
interposition, either because of excessive ap- 
proximation of the mesocolon after the ligament 
of Treitz was reconstructed or because of an 
internal hernia through the reconstructed 
mesocolon. Each required operative correction 
of this problem. In addition, the gastric outlet 
obstruction that occurred in Patient 10 after 
sleeve resection of the stomach for a caustic in- 
jury required revision of the anastomosis. After 
substernal colon bypass, Patient 3, a chronic 
paranoid schizophrenic, required a tube cecos- 
tomy to correct postoperative cecal dilatation. 
This condition was thought to be the result of an 
adynamic ileus secondary to the phenothiazine 
drugs that he was taking for his mental disorder. 
Patients 4 and 17 required prolonged ventilatory 
assistance for postoperative respiratory insuffi- 
ciency. 

Patient 4, a debilitated 64-year-old woman, 
died 6 months postoperatively of arteriosclerotic 
heart disease, pneumonia, and renal failure, but 
was able to eat normally up to the time of her 
death. Patient 17 developed an unexplained 
generalized myopathy after substernal colonic 
bypass of her strictured upper esophagus, 
which had been injured by radiation thera 
an unresectable thymoma. She remai 
pendent on a respirator for 5 months a 
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Fig 1. Barium swallow, showing caustic injury of 
esophagus and stomach ( Patient 11). (A) Note 
involvement of entire thoracic esophagus and 
distortion of distal stomach. (B) Detail of stomach, 
showing typical stenosis of gastricantrum. 


tually died of pulmonary sepsis. On postmortem 
examination the colonic bypass was intact, and 
multiple small pleural metastases from the 


thymoma were found. Sixteen of the 17 re- 
maining patients in this series are eating reg- 
ular diets after 3 to 36 months (average, uU 
months) of follow-up. Mild dumping symptoms 
have occurred in 1 patient who underwent a 
cervical esophagogastrostomy and in 4 patients 
who had colonic interpositions. These symp- 
toms have been controlled by limiting the size of 
meals and the carbohydrate intake. Two of the 
patients who had colonic interpositions inter- 
mittently regurgitate food shortly after eating. 
None of the patients with colonic esophageal 
substitutes, however, has experienced reflux of 
gastric contents to the pharynx or pulmonary 
symptoms of aspiration. The only patient in this 
series with an intrathoracic esophagogastric 
anastomosis eats a regular diet but has occa- 
sional nocturnal substernal discomfort; gas- 
troesophageal reflux has been shown with acid 
reflux testing in this patient. 


Comment 


The need for esophageal replacement after 
ingestion of corrosive agents has increased. Our 
changing approach to caustic esophageal in- 
juries has been reviewed recently [10]; this ap- 
proach reflects the more extensive injuries we 
are encountering following ingestion of the 
highly corrosive drain and oven cleaners now 
available commercially. In the past, esophageal 
strictures that followed ingestion of the common 
household cleaning solutions were most often 
localized and could be treated by chronic dila- 
tion. Salvage of the esophagus after injury by the 
newer agents, however, is now seldom possible, 
and the extent of the esophageal damage con- 
traindicates bougienage earlier than 4 to 6 weeks 
after the injury [5, 12). Thus a perforation oc- 
curred in Patient 9 when his acutely strictured 
esophagus was dilated only 11 days after caustic 
ingestion. In addition, the type of severe as- 
sociated gastric injury seen in Patients 10 and 11 
(Fig 1) is increasingly common. The almost in- 
stantaneous tissue destruction caused by inges- 
tion of the newer corrosives may require an ur- 
gent esophagogastrectomy in the acute phase of 
injury, or esophageal replacement with gastric 
resection later. 
Patient 9, 
esophagus was perforated, was treated by im- 


whose extensively strictured 


413 Orringer, Kirsh, and Sloan: Esophageal Replacement for Benign Disease 


mediate total thoracic esophagectomy, cervical 
esophagostomy, and gastrostomy followed by 
substernal colonic interposition 1 month later. 
While immediate repair and drainage of the per- 
forated but otherwise undiseased esophagus is 
acceptable treatment in many cases, we are re- 
luctant to place an esophageal suture line prox- 
imalgto.a severe stricture. We also oppose the 
fundic patch operation of Thal [20], which relies 
on the.-healing of the opened, strictured 
esophagus to which the gastric fundus is su- 
tured; the procedure requires the addition of an 
intrathoracic fundoplication to control reflux 
[21]. In effect this creates an incarcerated 
paraesophageal hiatal hernia, and we are aware 
of 3 patients who developed necrosis and ulcera- 
tion of their strangulated intrathoracic fundic 
wraps. We believe therefore that it is generally 
safer and more efficient to resect and reconstruct 
the perforated, severely strictured esophagus 
than to rely on the healing of diseased tissue and 
risk the morbidity of a chronic esophageal fis- 
tula. 

We now perform esophageal resection for 
peptic stricture much less commonly than in the 
past. The unacceptable incidence of recurrent 
reflux for the standard Mark IV Belsey hiatal 
hernia repair performed in the presence of sig- 
nificant esophagitis and shortening [15] was the 
reason for distal esophagectomy and short- 
segment colonic interposition in Patients 1 and 
2. More recently, the efficacy of the combined 
Collis-Belsey operation in reversing severe pep- 
tic esophagitis has been responsible for the sal- 
vage of esophagi that were previously routinely 
resected [16, 17]. Of our last 21 patients with 
peptic strictures, only 2 have had nondilatable 
strictures. In the remainder, intraoperative dila- 
tion has been possible; after the Collis-Belsey 
operation, regression of the strictures has gen- 
erally been dramatic. Even when not complete, 
reversal of esophageal fibrosis by prevention of 
reflux allows better swallowing than can be 
achieved with esophageal replacement. We 
therefore believe that esophageal resection for 
peptic esophagitis is rarely indicated as a pri- 
mary operation and should be reserved for pa- 
tients in whom newer methods of reflux control 
have failed. 

The spectrum of neuromuscular disorders 


from diffuse esophageal spasm to achalasia may 
also require esophageal bypass or replacement 
when, as in Patient 14, symptoms persist or 
recur following one or two esophagomyotomies. 
Patients with a combination of esophageal 
spasm and gastroesophageal reflux may cause 
extraordinarily difficult problems in manage- 
ment. Frequently these patients, like Patient 15, 
show neurotic behavior and give a history of 
multiple esophageal operations. The few pa- 
tients who fail to respond to a second esoph- 
agomyotomy or those who have already had 
various combinations of myotomies and anti- 
reflux procedures may require esophagectomy 
and reconstruction as the only means of ulti- 
mately relieving their esophageal symptoms. 

Esophageal replacement for neuromotor ab- 
normalities may also be necessitated by the de- 
velopment of severe reflux esophagitis after 
esophagomyotomy, which occurs in as many as 
30% of patients [6, 13] and is a compelling argu- 
ment for combining an antireflux procedure 
with a myotomy [2, 7]. However, it may be quite 
difficult to achieve the correct balance between a 
competent distal esophageal sphincter mecha- 
nism and the intraesophageal pressure required 
to propel food through it and into the stomach. 
The resulting functional esophageal obstruction 
demonstrated by Patients 13, 15, and 16, which 
may occur when an antireflux operation is per- 
formed with an esophagomyotomy, is among 
the most difficult complications faced by 
esophageal surgeons. As in Patients 13 and 16, 
its successful resolution may necessitate 
esophageal replacement. 

While acute postirradiation esophagitis is 
fairly common, few cases of chronic benign 
strictures following radiation therapy have been 
reported [9, 18]. Because of the increased inci- 
dence of malignant degeneration of the 
esophagus in patients exposed to irradiation 
years before [22], whenever one encounters an 
esophageal stricture in a patient who has re- 
ceived prior radiation therapy to the thorax, 
larynx, or thyroid, malignancy must be 
excluded. The preoperative esophageal biopsies 
and subsequent follow-up indicate that the 
postirradiation strictures in Patients 17 and 18 
were benign. 

Monilial esophagitis is an uncommon dis- 
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ease, characteristically occurring in patients with 
conditions that impair normal function of the 
body’s immune system [19]. Once diagnosed, 
the condition responds well to oral nystatin and 
rarely progresses to esophageal stricture forma- 
tion. We have found only a single case report ofa 
localized mild upper thoracic esophageal stric- 
ture occurring in a patient with chronic 
moniliasis [8]. We believe that Patient 20, a 
diabetic receiving broad-spectrum antibiotics 
for peritonitis, represents the first reported case 
of monilia causing a chronic nondilatable stric- 
ture of the upper esophagus requiring an intes- 


Fig 2. Barium swallows in Patient 1, who ingested lye 
at the age of 1 year. (A, B) Preoperative views 
showing hiatal hernia that formed as shortened, 
strictured esophagus failed to grow with the patient. 
Symptoms of severe reflux esophagitis superimposed 
upon long-standing dysphagia from the stenosed 
esophagus would not have been relieved by 
esophageal bypass. (C) Postoperative view after 
one-stage esophagectonty and long-segment colonic 
interposition. Note intraabdominal segment of distal 
colon graft, which is considered important in 


prevention of reflux. 





A B 


tinal bypass. Wider use of chemotherapeutic 
agents in the treatment of malignant disease and 
of various immunosuppressive drugs in pa- 
tients after organ transplantation will predict- 
ably result in an increased incidence of monilial 
esophagitis, the recognition and treatment of 
which will be essential if stricture formation 1s to 
be averted. 

The techniques we utilize for esophageal re- 
placement are discussed in detail elsewhere [14]. 
The substernal route for esophageal bypass, 
avoiding the need for thoracotomy, is preferred 
in the child with esophageal atresia requiring 
esophageal replacement, and in the patient in 
whom esophagectomy or esophageal exclusion 
for trauma or control of a chronic fistula has been 
necessary. Unless there is pain or bleeding trom 
the diseased esophagus, there is no absolute 
indication for resection (Fig 2). The risk of 
malignant degeneration within the scarred 
esophagus is not great enough to warrant 
esophagectomy on this basis alone [3, 11]. How- 
ever, the unresected esophagus remains a po- 
bleeding from reflux 


tential source of 


G 
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esophagitis, particularly when caustic injuries 
involve and distort the esophagogastric junction 
(Fig 3). 

We have not used jejunal interposition for 
esophageal replacement because of its length 
limitations and tenuous blood supply. We now 
also avoid reversed gastric tube bypass because 
of our concern about the potential for disruption 
of its long gastric suture line such as occurred in 
Patient 12, resulting in a gastric tube- 


Fig 3. Lateral view from barium swallow study after 
substernal colonic bypass of severely stenotic 
esophagus(Patient 8). Patient had no symptoms of 
gastroesophageal reflux preoperatively, but barium 
obviously flows retrograde through a distorted 
esophagogastric junction. The potential for bleeding 
from reflux esophagitis exists in this patient even 
though dysphagia from the caustic stricture has been 
relieved. 
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pericardial fistula and eventual death. The inci- 
dence of anastomotic disruption and sub- 
sequent stricture formation is also quite high 
with this procedure [4]. The mobility and excel- 
lent blood supply of the stomach and the 
simplicity of esophagogastrostomy make this 
operation our reconstructive procedure of 
choice in elderly patients. A gastric drainage 
procedure is an essential part of this operation to 
prevent delayed gastric emptying, which may 
increase gastroesophageal reflux and result in 
esophagitis as occurred in Patient 4. Because of 
the frequency of complications of reflux as- 
sociated with esophagogastrostomy, we avoid 
this procedure in younger patients who have a 
reasonable life expectancy. Isoperistaltic left 
colon based on the ascending branch of the left 
colic artery, as described by Belsey [1], is in our 
opinion the best current method of esophageal 
reconstruction for benign. disease in the first 
four decades of life. 

Our recent experience indicates the following 
changing trends in esophageal replacement for 
benign disease: (1) fewer esophagectomies for 
peptic strictures, (2) an increased need for 
esophageal as well as gastric resection following 
caustic ingestion, and (3) more esophageal re- 
placements for long-term failures of 
esophagomyotomy for neuromotor abnor- 
malities. In addition, as the number of im- 
munosuppressed patients increases, severe 
monilial esophagitis may become a more com- 
mon indication for esophageal replacement or 
bypass. 
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Surgical Management of Pectus Deformities 


William H. Heydorn, M.D., Russ Zajtchuk, M.D., George F. Schuchmann, M.D., 


and Tracy E. Strevey, M.D. 


ABSTRACT Weanalyzed the long-term results in 87 
patients who had pectus deformities repaired at Fitz- 
simons Army Medical Center during the period 1953 
to 1975. Seventy-one patients had operations for cor- 
rection of pectus excavatum; 16 had pectus carinatum 
deformities repaired. A variety of surgical techni ques 
was used in these patients. Our findings show that 
in excavatum deformities the best results were ob- 
tained by removing all deformed cartilage, mobiliz- 
ing the sternum, using an anterior osteotomy, and 
stabilizing the chest with a metal strut (which was 
removed after one year). For carinatum defects, the 
Ravitch procedure has produced good results. We are 
encouraged to be more aggressive in advocating re- 
pair of the deformities, not only for cosmetic results 
but because the patients seem to feel healthier both 
physically and mentally after repair. For these rea- 
sons we advocate operation for pectus deformity at 
any age. 


The surgical management of pectus deformities 
remains controversial. Since a perfect result is 
not obtained with every operation, some dis- 
agreement exists about the best technique for 
repairing pectus excavatum and pectus 
carinatum. In this paper we review the major 
operative techniques advocated for repair of 
these deformities and describe our findings 
from the follow-up inquiries and evaluations of 
the 71 patients who had operations for correc- 
tion of pectus excavatum and 16 patients who 
had pectus carinatum deformities repaired at 
Fitzsimons Army Medical Center (FAMC) dur- 
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ing the period 1953 to 1975. We analyzed these 
findings in an effort to determine whether vari- 
ations in surgical technique have caused any 
significant differences in the long-term results. 


Pectus Excavatum 


Modern operative treatment of pectus defor- 
mities, particularly of pectus excavatum, 
evolved after the review of Ochsner and De- 
Bakey [12] in 1939 and the classic paper of A. L. 
Brown in 1939 [5]. Brown thought that pectus 
excavatum is due to a shortened substernal lig- 
ament and to shortening of the central tendon 
of the diaphragm, which draws the xiphoid 
and costal arch inward. He recommended one of 
two operations, depending on the patient's 
age. The first operation was to be done in in- 
fancy and involved relieving the pull of the 
diaphragm and substernal ligament on the ster- 
num by simple detachment. The second, more 
extensive operation was designed to remove the 
deformed cartilage and to elevate the depressed 
sternum that developed if the defect had not 
been corrected in infancy. This technique in- 
cluded sternal mobilization, resection of de- 
formed cartilage, transection of the anterior 
gladiolus, and elevation of the sternum with 
stabilization in the new position. These princi- 
ples still apply in most operations performed 
today. 

Originally, Brown recommended stabiliza- 
tion by external traction utilizing a splint 
(Jacob's ladder) to which a wire from the distal 
sternum could be attached. Lester [10] and 
Lindskog and Felton [11] adopted this tech- 
nique. Sweet [20] did not use external traction; 
he removed the deformed portions of the carti- 
lage and then reattached the transected costal 
margins to the sternum by Brown's method. 
Lester [10] and Ravitch [14] both advocated 
complete excision of all deformed cartilage; in 
addition, Ravitch divided the intercostal bun- 
dles so as to isolate the sternum except at its 
attachment to the manubrium. Ravitch later 
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modified his procedure by making the os- 
teotomy posterior rather than anterior, and he 
stabilized the sternum by overlapping the sec- 
ond costal cartilage and placing a small bone 
graft in the posterior osteotomy [17]. 

Other surgeons have used different forms of 
internal stabilization. Dailey [6] proposed the 
use of a substernal rib graft strut, and both 
Brodkin [4] and Brantigan [3] have used au- 
togenous tissue to keep the sternum elevated. 
Griffin and Minnis [7] used Kirschner wires or 
Steinmann pins to maintain correction until the 
second or third postoperative week, at which 
time the pins were removed. A variety of metal 
struts for internal stabilization have been uti- 
lized [1, 9, 13, 18]. In addition to the differing 
forms. of internal stabilization, other differences 
in technique persist. Some surgeons expose the 
cartilage by taking down the pectoral muscles, 
while others merely split the pectoral muscles. 
Some resect all of the cartilage and others resect 
only the deformed segment [9, 18]. The sternum 
may be completely mobilized [14]; removed and 
turned over, as recommended by Wada and as- 
sociates [21]; or left attached to the intercostal 
structures after the cartilage is resected. Robi- 
csek and associates [19] have recently reported an 
impressive series utilizing sternal mobilization 
and exision of deformed cartilage; the xiphoid 
process was wired into a substernal position as 
an internal support. 

Despite the many methods and_ their 
modifications, particularly pertaining to de- 
pression deformities, there are only a few recent 
long-term follow-up reports to support specific 
techniques [8, 19, 21]. 


FAMC Study on Surgical Repair 

of Pectus Excavatum 

Seventy-one operations have been performed at 
FAMC for the repair of pectus excavatum. An 
annual questionnaire is sent out to each patient 
inquiring about the result of his operation. 
Since not all patients are seen by the original 
physicians each year, the interpretation of re- 
sults is subjective. 

If the chest has natural configuration and the 
patient has no disability, the result is judged 
good; if there is mild deformity but no disabil- 
ity, the result is considered fair; and a persistent 


deformity or the presence of symptoms is a poor 
result. 

There were 47 male and 24 female patients 
with pectus excavatum. In only 4 patients was 
there a family history of chest deformity. Four 
patients had repeat operations after an unsuc- 
cessful first procedure. In 43 procedures the 
wound was drained either with a rubber drain 
or, more recently, with a suction catheter. There 
were no operative deaths. Complications in- 
cluded 18 patients with wound problems such 
as hematoma or seroma, 21 patients with 
pneumothorax, and 2 patients who required 
early reoperation (1 for repositioning of a metal 
strut and 1 to correct bleeding). A 3-year-old 
child in whom tuberculosis had been suspected 
required tracheostomy following bronchoscopy 
done in conjunction with pectus repair. Forty- 
three patients have been followed for ten years, 
16 for more than five years, and 9 from one to 
five years; 3 are lost to follow-up. The indication 
for operation was chiefly cosmetic in all cases; 13 
patients had complained of shortness of breath, 
but only 1 patient had had abnormal pulmonary 
function tests. Long-term results were good in 
45, fair in 17, and poor in 6; as previously men- 
tioned, 3 are lost to follow-up. An attempt has 
been made to analyze the results with reference 
both to the patient's age at the time of operation 
and to the type of operation. In 12 children 
under 2 years of age only 1 poor result was ob- 
tained. Figure 1 shows the results of operation in 
relation to age. 

Figure 2 shows the results according to the 
operative approach. Two infants underwent the 
original Brown procedure of sternal detachment. 
One result was judged fair and 1 was considered 
poor. Six had a procedure similar to Brown's 
method with the use of an external splint. There 
were 4 poor results; all 4 patients have had sec- 
ond operations. Neither of these techniques 1s 
still in use. In 44 patients the procedure con- 
sisted of complete removal of cartilage, 
mobilization of the sternum, and internal 
stabilization with either a Kirschner wire or, 
more recently, a metal strut. Results were good 
in 32; none of the results were rated poor. Six- 
teen patients had the operation described by 
Ravitch [14], with an anterior osteotomy but 
without a bone graft or overlapping of the high- 
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Fig 1. Results of pectus excavatum repair, b y age 
groups. 


est normal costal cartilage for stabilization. Re- 
sults were good in 9 and poor in 2 patients. 


Pectus Carinatum 


Pectus carinatum is seen less frequently than 
pectus excavatum, and there are fewer reports 
discussing its treatment. In 1960 Ravitch [15] 
reviewed the possible causes of this deformity 
and outlined a plan of surgical repair. He sepa- 
rated protrusion deformities into two types, but 
the basis of correction in either depends on re- 
secting the involved cartilages and then using 
sternal osteotomies as needed to correct sternal 
deformities. 


FAMC Study on Repair of Pectus 
Carinatum Deformities 


Since 1953, 16 patients have had operations to 
repair pectus carinatum deformities at FAMC. 
There were 14 male and 2 female patients in the 
group; the youngest was 4 and the oldest 19 
years of age. There were no deaths; 3 patients 
had minor wound complications. Four patients 
have been followed from one to five years and 
the rest for more than five years. Results are 
good in 15 and fair in 1. The technique used was 
total excision of all deformed cartilage, os- 
teotomy as needed for sternal deformities, reef- 
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Fig 2. Results of pectus excavatum repair, by the 
operative procedure. 


ing sutures in the perichondrial beds, and reat- 
tachment of pectoral muscle flaps anterior to the 
sternum. A metal strut was used for stabilization 
in 2 patients and Kirschner wire in 1. 


Comment 


There are many different techniques for repair- 
ing pectus deformities of the chest. Modern 
techniques should produce a satisfactory result 
in most cases, with no mortality and little mor- 
bidity. Although the operation is usually done 
for cosmetic reasons, most of our follow-up let- 
ters indicate that the patient seems healthier, 
both physically and mentally. Recently, im- 
provement in cardiac function has been 
documented after pectus excavatum repair [2]. 
For these reasons we advocate pectus repair at 
any age if the patient or parents desire it. At the 
present time, for excavatum deformities we pre- 
fer to remove all deformed cartilage, mobilize 
the sternum, use an anterior osteotomy, and 
employ a metal strut for stabilization. The strut 
is removed after one year. For carinatum defects 
the procedure described by Ravitch [14] has 
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produced good results, but we would not hesi- 
tate to use a strut to stabilize the chest, particu- 
larly in an older patient. The majority of good 
long-term results have encouraged us to be ag- 
gressive in advocating repair of this deformity. 
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Extracorporeal Membrane 


Oxygenation 


for Massive Pulmonary Thromboembolism 


Daniel J. Krellenstein, M.D., Ph.D., Christopher W. Bryan-Brown, M.D., 
A. Olusegun Fayemi, M.D., Stephen A. Geller, M.D., Jennifer Hanns, R.N., 
Susan Barron, B.S., and E. Converse Peirce, II, M.D. 


ABSTRACT This study was undertaken to deter- 
mine whether extracorporeal membrane oxygenation 
(ECMO) could modify the effects of massive lethal 
thromboembolism and prevent death. Twenty 
anesthetized dogs were prepared for venoarterial per- 
fusion with a demand pump and membrane lung and 
were perfused slowly for 142 hours to lessen 
homologous blood shock; 1 ml per kilogram of 24- 
hour-old tantalum-impregnated thrombus was in- 
jected intravenously. The dogs had profound Sys- 
temic hypotension with an elevated mean pulmonary 
artery pressure (62.9 + 4.5 mm Hg) immediately after 
embolization. Control animals generally died within 
15 minutes. Four of the 10 ECMO-supported animals 
lived for six days, at which time they were restudied 
and killed. 

Not only can ECMO maintain an animal that would 
otherwise die quickly of massive pulmonary throm- 
boembolism, but such support, even though tempo- 
rary, can greatly improve the chances of survival. 


Massive pulmonary thromboembolism remains 
a serious threat to the lives of many of our pa- 
tients. Partial cardiopulmonary bypass through 
peripheral cannulation, although not widely 
practiced, is well documented in the literature as 
being an effective means for resuscitation and 
maintenance of patients with massive pulmo- 
nary embolism complicated by shock and severe 
hypoxemia [1]. It has been suggested by Sasa- 
hara and Barsamian [10] that this type of support 
permits “a longer period of safe clinical and 
hemodynamic observation and thus allows 
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more accurate definition of the group of patients 
who require embolectomy.” Asa result of recent 
studies, the natural history of massive pulmo- 
nary thromboembolism in humans has become 
clearer. If the patient survives the initial 
episode, it appears that the emboli resolve spon- 
taneously with little, if any, significant residual 
obstruction to the pulmonary vasculature [3, 7]. 
Thus, any therapy that enables the patient to 
survive the consequences of acute severe pul- 
monary artery obstruction due to thromboem- 
boli would provide the opportunity for natural 
resolution of these clots. 

This study was undertaken to determine 
whether extracorporeal membrane oxygenation 
(ECMO) of relatively short duration could 
modify the hemodynamic and respiratory ef- 
fects of massive thromboembolism and increase 
the likelihood of survival. The study required 
development of a new technique of making 
radiopaque thromboemboli. 


Methods 


Twenty male mongrel dogs weighing 20 to 30 kg 
were anesthetized with morphine sulfate and 
alpha-chloralose. They were intubated and ven- 
tilated with 100% oxygen by means of an 
Emerson  volume-cycled  ventilator. They 
were then digitalized and given heparin 
(300 units per kilogram of body weight). The 
subclavian artery was cannulated to measure 
pressures and blood gases. A Swan-Ganz ther- 
modilution catheter was passed into the pulmo- 
nary arterial system to determine cardiac out- 
put, to sample mixed venous blood, and to 
measure pressures in the lesser circulation. Can- 
nulation for partial cardiopulmonary bypass was 
through the superior vena cava and femoral ar- 
tery. Figure 1 is a diagram of the ECMO circuit. 
An in-line electromagnetic flow probe (Carolina 
Medical Electronics) was used to measure the 
extracorporeal flow. A 3 m? General Electric 
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Fig 1. The ECMO circuit. Venous blood is drained 
from the superior vena cava fo the membrane 
oxygenator (GE Dua-Lung) with the help of 
sustained suction. The oxygenated blood is returned 
to the femoral artery by à SMEC pneumatic pulsatile 
demand pump. The pump is controlled by the SMEC 
pump drive. The oxygenator contains an integral 
heat exchanger. The venous blood filter is used 
transiently after embolization to prevent clots from 
obstructing the membrane oxygenator. (SS= 
sustained suction; SD = systolic duration, PR= 
pulse rate; PP= pulsed pressure.) 


Dua-Lung, with its integral heat exchanger, was 
used as the oxygenator. Oxygenated blood was 
returned by means of a pneumatic pulsatile de- 
mand pump (SMEC). Sustained suction (100 
mm Hg) was applied to both gas and blood 
phases to aid in venous return [9]. The femoral 
vein was cannulated for introduction of the 
thrombi. Radiopaque thrombi were, prepared 
under sterile conditions the day béfore by mix- 
ing fresh homologous blood (50 ml) with pow- 
dered tantalum (1.5 gm; particle size, 1 u) and 
thromboplastin (Fibo-Plastin, 2.5 ml), and al- 
lowing this mixture to clot in a Petri dish. The 
clot was then divided into injectable portions 
and stored in a refrigerator. The clots were fully 
retracted and firm at the time of use but were 
deformable enough to permit injection through 
14 inch (6.5 mm) polyvinyl tubing and to fill 
many pulmonary artery branches completely. A 








VENOUS | 


FILTER 


more detailed description of this technique has 
been published recently [8]. Heimbecker and 
his associates [5] have previously described a 
similar technique, also using powdered tan- 
talum instead of the barium sulfate used in most 
other studies. 

All procedures and measurements were done 
on a strict schedule so that a “real time" base 
could be used to simplify data collection and to 
enable comparison of results from different 
animals. After initial baseline studies were 
done, a 90-minute period of slow mixing with 
the ECMO circuit’s prime (75% homologous 


blood) was carried out to moderate any 


homologous blood shock. Hypotension was 
treated by repeated small doses (25-50 wg) of 
intravenous epinephrine. The course of the ex- 
periments 1s illustrated by Figure 2, which 
shows the average ECMO flow for all the dogs. 
After the perfusion circuit was tested by measur- 
ing maximum flows under preembolism condi- 
tions, the perfusion was stopped completely and 
the thrombi were injected. At 1100 hours (11 
AM), 1 to 1.5 ml per kilogram of 24-hour-old 
clots, separated from serum, was jnjected over a 
period of 2 to 3 minutes. Then, according to a 
randomized protocol, Half of the dogs were 
placed on ECMO. The others were treated in the 
standard fashion, including external cardiac 
massage, administration of sodium bicarbonate 
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Fig 2. Flow through the extracorporeal circuit. Mean 
flows are shown as measured by the electromagnetic 
flowmeter. The vertical lines indicate the standard 
error about the mean. Slow mixing with the ECMO 
circuit's prime was done at 50 to 100 ml/min from 
0930 to 1030 hours. At 1030 hours the system was 
tested by measuring maximum flows under 
preembolism conditions. After the clots were 
injected, half of the animals were perfused at 
maximum flows for three hours. Weaning was 
performed by reducing the ECMO flow gradually 
between 1400 and 1500 hours. (Real time is the 
actual time of day; ie, 0930 hours = 9:30 AM.) 


and epinephrine, and defibrillation. The 
ECMO-supported animals were perfused at 
maximum flows for three hours, then weaned 
during the fourth hour by gradually decreasing 
the ECMO flow. It was necessary to filter the 
venous blood for 10 minutes after clot injection 
with a Swank bypass blood filter to prevent 
thrombi from the right side of the heart from 
entering the ECMO circuit and occluding the 
inlet ports of the membrane oxygenator. 

Every 30 minutes studies were made of cir- 
culatory and ventilatory variables, including 
arterial and venous pH, Po;, and Pco,. Cardiac 
output and pulmonary vascular resistance were 
calculated per square meter of body surface area 
and expressed as indices to exclude the vari- 
able of animal size in these measurements. In 
addition, hematological, coagulation, and renal 
function studies were made. Membrane Oxy- 
genator function was measured by calcula- 
tion of oxygen transport. Each hour the perfu- 
sion was stopped to assess the cardiopulmonary 
status of the unsupported animal. One hour be- 
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fore and one hour after the emboli were injected, 
anteroposterior and lateral roentgenograms of 
the animal's chest were done. After decannula- 
tion and extubation, the animals were returned 
to their cages with no supportive care. A few 
animals had chest roentgenograms done every 
other day to determine the fate of the emboli. 
Postmortem studies and rdentgenograms were 
done as soon as feasible in animals that died. 
The lungs were preserved with an infusion of 
4% formaldehyde solution through the trachea 
under low pressure. Long-term survivors were 
anesthetized, studied, and killed on the sixth 
day. Appropriate histological studies were then 
performed. 


Results 
All animals showed signs of severe pulmonary 


artery obstruction within seconds of the clot in- 


jection. A typical recording of the dynamic ef- 
fects of massive thromboembolism is shown in 
Figure 3. There was an abrupt rise in the pulmo- 
nary artgry pressure to systemic levels. This was 
followed by a more gradual fall in systemic arte- 
rial pressure, which within 1 minute declined 
to 45/30 mm Hg. The ECG tracing shows a 
bradycardia, which later progressed to ventricu- 
lar fibrillation. The central venous pressure trac- 
ing showed a more gradual rise followed by a 
dramatic change that appeared to reflect acute 
tricuspid valve incompetence, ie, the pulmo- 
nary artery pressure (PAP) and central venous 
pressure curves had the same contour when the 
paper speed was increased from 1 to 25 mm per 
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Fig 3. Physiological effects of massive pulmonary 
thromboembolism. Injection of the clots was followed 
by an immediate rise in pulmonary artery pressure 
(PAP) to systemic levels. The systemic arterial 
pressure (SAP)shown in the top tracing reveals the 
severe hypotension and bradycardia that soon 
follow. The central venous pressure (CVP) rises 
dramatically, and its pulse contour suggests tricuspid 
insufficiency. The airway pressure (AirP) at the 
bottom of the tracing reveals a rise in peak pressure. 
Paper speed is 1 mmisec initially and is increased to 
25 mm/sec. 


second. The airway pressure tracing indicated 
that the pulmonary hypertension was accom- 
panied by a decrease in compliance. The end- 
inspiratory plateau pressure increased from 
15 to 20 cm HO while the ventilatory settings 
were kept constant. Figure 4 is a right lateral 
roentgenogram taken one hour after emboliza- 
tion, while the animal was being perfused with 
the ECMO. The tantalum-labeled clots are easily 
seen as they uniformly filled the major pulmo- 
nary vessels. Repeated roentgenograms done 
during the four hours of perfusion showed no 


significant change in appearance, though the 
animals’ condition improved markedly. 

The results of hemodynamic studies for all the 
dogs are shown in Figures 5 and 6. The mean 
cardiac index fell from 3.0 + 0.3 to 1.27 + 0.26 
L/min/m? after embolization and gradually re- 
turned to control by the end of the perfusion. 
The mean systemic arterial pressure dropped 
from 79.5 + 3.8 to 30.0 + 5.4 mm Hg and also 
recovered gradually. Although the pulmonary 
artery wedge pressure appeared to increase, it 
could be measured in only a few animals after 
embolization. The increase appeared to be an 
artifact related to embolism to the pulmonary 
artery in which the pressures were being mea- 
sured. The hemodynamic effects of the emboli on 
the pulmonary circulation were very marked. 
The mean PAP increased from 16.0 + 1.1 to 62.8 
+ 4.5 mm Hg, then fell slowly to 35.3 = 5.3 mm 
Hg by 1530 hours. This value had fallen further 
to 21.0 + 2.5 mm Hg in those animals that sur- 
vived to be studied on the sixth postembolism 
day. The PAP measurements made while the 
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Fig 4. Right lateral roentgenogram one hour after 
injection of tantalum-labeled clots (1 ml/kg). The 
animalis being perfused with the ECMO. The major 
pulmonary vessels are filled with the radiopaque 
thromboemboli. A Swan-Ganz catheter is seen 
through the heart. 


animal was on bypass were significantly lower, 
as might be expected since bypass diverts a large 
part of the blood flow from the pulmonary circu- 
lation. The pulmonary vascular resistance index 
followed a similar pattern. The CVP increased 
from 6.1 + 0.9 to 31.7 + 3.3 mm Hg but rapidly 
returned to normal. 

Chest roentgenograms done on the animals 
that survived at least a few days showed 
peripheral migration and contraction of the 
tantalum-labeled thromboemboli. Figure 7 is a 
lateral roentgenogram of the animal shown in 
Figure 4. These changes were most marked in 
those animals that lived until the sixth day and 
could be restudied before being killed. 

The Table shows the results in terms of survi- 
val, comparing the control and ECMO groups. 
Preliminary studies indicated that a dose of 1 ml 
per kilogram of tantalum-impregnated throm- 
boembolus would cause 100% mortality in con- 





trol animals. Nine of the 10 control dogs died 
within 15 minutes of the embolization despite 
all attempts to resuscitate them in the usual 
manner. One animal, which lived several hours 
in spite of a very low cardiac output, reached a 
mean PAP of 58 mm Hg; however, the PAP had 
fallen to 19 mm Hg within 90 minutes after em- 
bolization. 

All animals treated by ECMO were weaned 
from the perfusion successfully and required no 
hemodynamic or ventilatory support. In 2 of the 
3 dogs that died within 24 hours, the deaths 
resulted from technical complications: 1 from air 
embolism during transfusion of blood from the 
ECMO circuit prior to decannulation and 1 from 
hemorrhage from the groin wound. Three sur- 
vived two to five days, while 4 survived to the 
sixth day, when they were studied and killed. 
Severe, widespread pulmonary infarction was 
found in the dogs that died early. Animals living 
until the sixth day were usually in reasonable 
condition; they were eating and walking about, 
but most were febrile and had tachypnea. 

The 1 u particle size tantalum powder did not 
interfere with routine histological examina- 
tions. These studies (Fig 8) showed that the tan- 
talum remained inside the pulmonary arteries in 
almost all cases. In 1 dog tantalum particles were 
seen outside a pulmonary vessel but in an area of 
severely infarcted lung parenchyma. Also, occa- 
sional particles were seen in pulmonary capil- 
laries. Routine and birefringence studies re- 
vealed only 1 dog with tantalum particles in its 
kidney. Studies of heart and liver were unre- 
markable. 


Comment 


As we have become more aware of pulmonary 
thromboembolism and have increased our 
diagnostic capability with radioisotope scan- 
ning and pulmonary angiography, the apparent 
incidence of this disease has risen, and it is now 
estimated that some 200,000 patients die each 
year as a direct result of pulmonary thromboem- 
bolism. Half of these deaths appear to be due to 
massive embolization [3]. Although it has been 
reported that about 65% of these patients are 
dead within one hour of the onset of symptoms, 
this still leaves a large number who can be 
treated. In addition, improvements in tech- 
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Fig 5. Hemodynamic effects of pulmonary 
thromboembolism and ECMO. The values shown are 
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Fig 6. Effects of pulmonary thromboembolism and 

ECMO on the pulmonary circulation. The 
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Fig7. Right lateral roentgenogram of the animal 


shown in Figure 4, done on the sixth postembolism 
day. The tantalum-labeled clots appear to have 
moved peripherally and contracted. The animal was 
studied prior to being killed. 


niques of resuscitation should decrease this very 
high initial mortality. More accurate diagnosis 
of this disorder and assessment of the resulting 
hemodynamic derangements have become pos- 
sible through the proliferation of intensive care 
units that can utilize flow-directed right heart 
catheters. 

The recent experience with ECMO in the 
treatment of adult respiratory distress syndrome 
has shown the feasibility of using partial car- 
diopulmonary bypass for extended periods 
without an unreasonable rate of complications 


due to the bypass. With the availability of port- 
able equipment and the use of a nonblood 
prime, this procedure can be initiated anywhere 
in a hospital. 

From these results it is apparent not only that 
partial cardiopulmonary bypass can maintain an 
animal that would otherwise die quickly of mas- 
sive pulmonary thromboembolism, but that 
such support, even though temporary, can 
greatly improve the chances of survival. AI- 
though many aspects of this experimental situa- 
tion were different from the clinical conditions 
we face (such as prior heparinization and cannu- 
lation with a bypass circuit that merely had to be 
turned on), the very large amount of clot given 
and its demonstrated hemodynamic effect were 
certainly more than a reasonable test of any 
therapeutic modality. The roentgenographic 
evidence of the extensive pulmonary artery in- 
volvement, as clearly demonstrated with the 
tantalum label, is dramatic proof of the severity 
of the embolization. In addition, the relatively 
short and arbitrary perfusion period was less 
than one might consider reasonable in a clinical 
situation, in which one might want to perfuse 
for many hours or even days to evaluate the 
patient's ability to maintain his hemodynamic 
and respiratory needs. Geelhoed and co- 
workers [4] have reported that they were able to 
reverse the initial hemodynamic and respiratory 
effects of massive emboli in baboons and were 
able to wean the animals from the ECMO. We 
were able to achieve a 4096 long-term survival 
rate after giving an LD; dose of thromboem- 
boli. 

In conclusion, the use of ECMO should be 
considered as a definitive form of therapy for 
massive pulmonary thromboembolism in those 
patients who do not respond to the usual forms 
of resuscitation7and treatment, especially in 
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Fig 8. Photomicrograph of a pulmonary 
thromboembolus, showing a cross-section through a 
pulmonary artery that contains a 6-da y-old 
tantalum-labeled clot. The black material in the clot 

is the tantalum powder. (H&E; original magnification 
x 200.) 


those one might consider as candidates for em- 
bolectomy. If the patient cannot be weaned from 
this form of assistance within a reasonable time, 
the presence of this support system certainly 
makes studies such as pulmonary angiography, 
induction of anesthesia, and thoracotomy safer 
[2; 3, 6]. 


These data support other experimental and 
clinical studies showing that pulmonary throm- 
boemboli will resolve in a relatively short period 
if the subject survives the initial insult. Tan- 
talum labeling, as described, is a simple, ef- 
ficacious method of making radiopaque clots of 
good quality whose distribution and fate can be 
documented with routine roentgenograms. 


References " 


1. Beall AC, Cooley DA: Current status af embolec- 
tomy for acute massive pulmonary embolism. Am 
] Cardiol 16:828, 1965 
. Berger RL: Pulmonary embolectomy with 
preoperative circulatory support. Ann Thorac 
Surg, 16:217, 1973 
3. Dalen JA, Alpert JS: Natural history of pulmonary 
embolism. Prog Cardiovasc Dis 17:259, 1975 

4. Geelhoed GW, Corso PJ, Joseph WL: Membrane 
lung veno-arterial bypass in the successful man- 
agement of lethal pulmonary embolism in pri- 
mates. Trans Am Soc Artif Intern Organs 20:37, 
1974 

5. Heimbecker RO, Keon WJ, Richards KU: Massive 
pulmonary embolism: a new look at surgical 
management. Arch Surg 107:740, 1973 

6. McEnany MT: Surgical treatment of pulmonary 
embolism and the complication of deep vein 
thrombus. Conn Med 38:294, 1974 

7. National Heart and Lung Institute cooperative 
trial, urokinase pulmonary embolism trial: phase 
I results. JAMA 214:2163, 1970 

8. Peirce EC II, Krellenstein DJ, Bryan-Brown CW: 
Blood clots labelled with powdered tantalum for 
experimental pulmonary emboli. J Maine Med 
Assoc 67:105, 1976 

9. Peirce ECII, Krellenstein DJ, Bryan-Brown CW, et 
al: Single pump circuit for high resistance mem- 
brane lung. Trans Am Soc Artif Intern Organs 
4:48, 1975 

10. Sasahara AA, Barsamian EM: Another look at 
pulmonary embolectomy (editorial). Ann Thorac 
Surg 16:317, 1973 


Nm 


Contemporary, Cogent 








MECHANICAL SUPPORT OF THE 

FAILING HEART AND LUNGS 

Edited by David Bregman, M.D., Assistant Professor of 
Surgery, Coltimbia University, College of Physicians and 
Surgeons, New York 


A critique of the most recent techniques and assist de- 
vices for the care of critically ill patients with cardiac and 
pulmonary disease. Each contributor is an acknowledged 
expert in his field. The highly significant nature of the 
problems and their potential solutions should be of in- 
terest to every cardiologist, nurse, physician, and others 
who deal with these problems. 


1977 (Due Summer) 210 pp. 
$15.00 


Illus. A6196-8 


THE SECOND HENRY FORD HOSPITAL 
INTERNATIONAL SYMPOSIUM ON CARDIAC 
SURGERY : 

Edited by Julio C. Davila, M.D., Surgeon-in-Charge, Divi- 
sion of Thoracic and Cardiac Surgery, Henry Ford Hos- 
pital, Detroit 


An eminent text that documents the collective ideas, 
knowledge, and experience of many of the world's most 
prominent cardiac surgeons and cardiologists. Repre- 
sents the current state-of-the-art view of the subject. Un- 
folds a historic perspective of the discipline and charts 
the course for future development. A must volume for 
all cardiac surgeons and cardiologists. 


1977 (Due Spring) 710 pp. (est.) 
$66.00 (est.) 


Illus. A8526-4 


THORACIC AND CARDIOVASCULAR SURGERY WITH RELATED PATHOLOGY, 


3rd Edition 


By William W. L. Glenn, M.D., Chief of Cardiothoracic Surgery, Yale-New Haven 
Hospital, New Haven; Averill A. Liebow, M.D., Pathologist-in-Chief, University 
Hospital, San Diego; and Gustaf E. Lindskog, M.D., Emeritus, Yale University School 


of Medicine, New Haven 


Brings up to date matters relevant to the clinical manifestations, surgical manage- 


ment and medical management of most c 


ardiothoracic lesions. Discusses pre- and 


post-operative care, circulatory support mechanisms, and the various devices and 
techniques employed. Extensive drawings and photographs. 
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THIS IS XYREL 





THE ONLY 
LITHIUM 
PACEMAKER 
WORTHY 

OF THE 
MEDIRONIC 
NAME. 


The Xyrel pacemaker combines the 
performance potential of 
Medtronic's exclusive lithium power 
source with Medtronic's own 
advanced circuitry. That means its a 
pacemaker that provides essential 
performance features no other 
lithium pacemaker can offer. 


Constant Rate... 

a Medtronic Exclusive 

A constant rate for the service life of 
the Xyrel pacemaker provides a 
stable and assuring pacing rate tor 
your patients; however, once the 
voltage depletes to a predetermined 
but safe level, a graduałrate 
decrease occurs to communicate 
the need for pacemaker 
replacement. 


Constant Energy... 

another Medtronic Exclusive 

A measured gradual increase in 
palse width (pulse duration) provides 


See next page for Gisclosure statement. 


relatively constant energy to the 
heart as power Source voltage 
decreases. Energy to provide 
stimulation is almost fhe same when 
replacement is indicated as itis the 
first day of implant. 


The Xyrel pacemaker also offers 
many other features: 


$ Small size, round shape 

"3 Improved EMI compatibility 
ə Improved sensing amplifiers 
e And maàny more 


Prescribe the Xyrel pacemaker from 
Medtronic. 
Ifs the evolution of excellence. 
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Helping you help 
the pacemaker patient 





MEDTRONIC * 
IMPLANTABLE PULSE GENERATORS 


INTENDED USES 

Ventricular pacing using an implantable 
ventricular pulse generator is for long-term 
therapeutic control of heart rate in 
patients with impulse formation or 
conduction disorders leading to brady- 
arrhythmias, tachyarrhythmias and heart 
block (see product labeling for detailed 
list of intended uses). 


CONTRAINDICATIONS 

There are no known contraindications to 
the use of pacing as a therapeutic 
modality for the control of heart rate. The 
patient's age and medical condition, 
however, may dictate the particular 
pacing systems and implantation pro- 
cedure used by the physician. 


WARNINGS 

Diathermy should not be used on patients 
with pacemakers because of possible 
heat damage to electronic components. 
Electrosurgical units should never be used 
in the vicinity of unipolar pulse generators 
or bipolar pulse generators implanted in 
the unipolar mode because of danger of 
introducing fibrillatory currents into the 
hear via the implanted pulse generator, 
lead. Pulse generators may be damaged 
by defibrillatory discharges if the paddles 
are placed over the implanted pulse 
generator. 


PRECAUTIONS 

The physician should be aware that all 
pulse generators will ultimately cease to 
function, and may fail at any time due to 
random component or battery failures 
which cannot be predicted prior to fail- 
ure. Also. that the pacing system may 
cease to function at any time due to lead- 
related problems such as displacement, 
fracture, fibrotic tissue formation, and 
elevated thresholds, and that proper 
operation may be affected by electrical 
interference from equipment using elec- 
trical energy, or medical complications. 


SIDE EFFECTS 

Body rejection phenomena, including 
local tissue reaction, muscle and nerve 
stimulation, infection, erosion of pulse 
generator/lead through skin, transvenous 
lead-related thrombosis, embolism and 
cardiac tamponade. 





£4 Mectronic 


Medtronic, Inc. 
3055 Old Highway Eight 
Minneapolis, MN 55418 





form a transplant. 


Give to: n 


PROJECT 





Dept. A 
Washington, D. C. 20007 


.. peopie Rrouglibut the world. 1 : 
- The medical center is the S.S. 
* HOPE. and each W^ her phy- 


. parts. eir host the ropal ship ` 
. sets sail, she leaves behind her 
greatest gift—hope. Help per- 











e» 





now available- 
the second edition 





Ae. 





PROCEDURES 
IN VASCULAR 
SURGERY 


By Chilton Crane, M.D., and Richard Warren, M.D. 
Both of Harvard Medical School, Boston 





THERE IS NO BOOK QUITE LIKE THIS ONE, 
AS THESE COMMENTS ON THE FIRST EDITION ATTEST: 


"^... can be highly recommended to all sur- 
geons who are interested in vascular surgery." 
— Journal of the International College of 
Surgeons 


“... Unique in the field of vascular surgery, 
and in my opinion is an outstanding piece of 
work." — Henry H. Faxon, M.D., VA Hospital, 
Boston 


". . . highly recommended ... written by an 
astute expert." — The New Physician 





In its first edition, published over fifteen years ago, 
PROCEDURES IN VASCULAR SURGERY quickly 
became the definitive reference for all vascular spe- 
cialists. Now extensively revised and updated for 
its second edition, this elegant atlas presents the 
best and most current vascular surgical techniques. 


The objectives of each operation, indications and 
contraindications, preparation of the patient, the 
operative technique, and possible complications 
and their management are described. Large, detailed 
drawings — in most cases only one to a page — 
accompany the text. 


An essential and frequently consulted reference, 
PROCEDURES IN VASCULAR SURGERY, 2nd Edition, 
is a book all vascular and cardiovascular surgeons 
will want to own. Order your copy on 30-day 
approval by filling in and mailing the order form 
below. 


206 pages, illustrated. #160148, $25.00 


ORDER FORM / JUST CLIP AND MAIL 


Little, Brown and Company * Medical Division * 
34 Beacon Street * Boston, Massachusetts 02106 





Send me copies of Crane & Warren: PROCEDURES IN 
VASCULAR SURGERY, 2nd Edition (4160148) ..... $25.00 


[] Check enclosed. [] Bill me. 

NAME 
————————— Su 
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ESOPHAGEAL SAMPLES 
WITHOUT SURGERY 

















Cellular samples from either the bronchus, lungs or esophagus, can 
readily be obtained without surgery by using Mill-Rose brushing units. There 
are two models: one of a flexible nature and one more rigid. 

Mill-Rose units can be used with rigid scopes, catheters, or flexible 
Bronchofiberscopes. The disposable brushes are maintained at the distal tip 
of the instrument where they can be easily removed. A convenient handle 
permits the bending of the distal tip for precise brushing. 

With the Mill-Rose brushing units, samples can be obtained from areas 
previously not reachable with conventional instruments and at a minimum of 
trauma to the patient. 








x BRONCHOFIBERSCOPE CLEANING KIT 
i= The Mill-Rose Bronchofiberscope Cleaning Kit includes 





two nylon brushes to fit all Bronchofiberscope tubes 
snugly and assure maximum scrubbing action on both 
insertion and withdrawal. Brushes can be sterilized 
and re-used. Brushes are 2.3 and 3.2 mm. 

E Entire kit is packed in sturdy case for only $10.00. 
bod Refills of ‘‘Milladine’’® are available immediately 
from Mill-Rose in 4 oz., 16 oz. and 32 oz. bottles. 











C] Send me additional information on Bronchial and 
Esophageal unit. 

C] Send me literature on Mill-Rose Bronchofiberscope 
Cleaning Kits. 





For information, literature 
and prices, write to: 


the 
MILL-ROSE 
company 


7995 Tyler Blvd. 
Mentor, Ohio 44060 
Phone: 216-255-9171 


Name 





Hosp. or clinic: 





Address 





City State Zip 
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lor the Travenol TMO Membrane Oxyegenator 


Since the introduction of the Travenol TMO Membrane Oxyge- 
nator, surgeons have devoted significant effort to clinical 
evaluations of this gas exchange device used during cardio- 
pulmonary bypass. Independent teams led by Berry and 
DeBakey reported that the TMO oxygenator produced less 
trauma to the blood than bubble oxygenators12 Solis 
credited it with better maintenance of platelet function3 
According to the experience of Heimbecker et al, the unit 
contributed to lower levels of plasma hemoglobin during 
bypass and higher platelet survival rates. He also reported 
reductions in postoperative bleeding (chest drainage) and 
the need for banked blood4 Of major significance is the 
evidence submitted by Liddicoat et al verifying that the TMO 


these advantages at costs comparable to bubble oxygenatol 
In addition, gas transfer across the membrane eliminate 
oxygenator-created microbubbles. This method of gas e 
change within the TMO Membrane Oxygenator more close 
resembles that of the normal human lung and will perm 
independent control of oxygen and carbon dioxide transfe 
The oxygenator is designed to operate at blood flow rate 
up to 6 liters per minute and, under standard test condition 
will transfer 300 ml of oxygen per minute. 

Copies of the previously mentioned papers and thos 
others listed pertaining to the TMO Membrane Oxygenatc 


are available upon request from your Travenol Cardiopu 
monary Systems Specialist. 


_ oxygenator provided superior performance during cardio- 
_ pulmonary bypass when compared to bubble oxygenators5 
The Travenol TMO Membrane Oxygenator provides 

oo rences 
aSerry, W.B.. Davis. L., and Daniell, M.B. Clinical trial with a disposable membrane 


The Travenol TMO Membrane Oxygenator is the unit formerly referred to 
as the Travenol MODULUNG-TEFLO Membrane Oxygenator 


) oxygenator. From the Division of Cardiovascular and Thoracic Surgery, Memorial 
2i. An Chattanooga, Tennessee. (Unpublished data -reprint of study available.) 
2 all AC.. Jr, Solis, R.T.. Kakvan, M.. Morris, G C . Jr, Noon, G.P., and DeBakey, M.E 

Clinical experience with the Teflo’ disposable membrane oxygenator. Ann. Thorac 

E Suro., Vol. 21, No. 2. February 1976. 3. Solis. R.T. Kennedy, P.S., Beall, A.C., Jr. Noon 


aggregation. Circulation, Vol. 52, July 1975. 4 Heimbecker, R.O., McKenzie, F.N 
Wall, W., Robert, A., Barnicoat, K.T., and Gergely, N. Bloodless open heart surgery—th 
blood sparing effect of a membrane oxygenator and an atraumatic circuit. Abstract c 
paper submitted to the Society of Thoracic Surgeons, 1976. 5. Liddicoat, J.E , Bekass: 
S.M., Beall, A.C., Jr, Glaeser, D.H., and DeBakey, M.E. Membrane vs bubble oxygenatoi 
clinical comparison. Ann. Surg., Vol. 181, No. 5. May 1975 

Additional references on page 4 


TG P. and DeBakey, M.E. Cardiopulmonary bypass microembolization and platelet 
P 





ARTIFICIAL ORGANS DIVISION 


TRAVENOL LABORATORIES, INC. 
DEERFIELD. ILLINOIS. US.A. 60015 


the Travenol TMO 
Membrane Oxygenator... 


performance you can count on 


120 HEMOLYSIS 50 MICROEMBOLI PRODUCTION 100 PLATELET SURVIVAL 
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« t$8é of blood suction devices must be limited where 
posible 9 Trudell, L.-A.. Murphy, W.R.. Bourdreau, L-R., 
Richardson, P.D., and Galletti, P M Evaluation of tr 


INDICATIONS cii l 
The Travenol TMO Membrane Oxygenalor is indicated 


n n of blood and the'removal of carbon 
forfhe oxy anata axtracarporeal-ciraut during ‘4, PRECAUTIONS | Travenol Teflo* microporous oxygenator (STX-433 
total cardiopulmonary bypass at flow rates upto6 Adequate heparinization is essential Ifthe ine. and 434) AmSECT Proceedings, Vol. VII, No. 3. 19; 
j j i f 2400 feet is used in hyperbaric environments, oth sides O e 
Vino pater Bt See AGNI GACER ON Amae oxygenator must be referenced tothe same pressure 10. Karlson. K.E., Murphy, W.R.. Kakvan. M., Anthony, F 
The gas outlet port should remain open and free of Cooper, G.N., Jr.. Richardson, P.D., and Galletti, P. 
ONTRAINDICATIONS any obstructions Total cardiopulmonary bypass with a new micropor’ 
Selection of patients as candidates for oxygenation IS Before using. refer to complete directions Teflo membrane oxygenator. Surgery, Vol. 76, No € 
totally a medical responsibility and the outcome IS accompanying the product po. 935-945, December 1974. 
dependent on many variables, including patient 
T z 11. Anthony, P.M., Cooper, G.N.. Murphy. W.R., Karlsor 
pathology and surgical and perfusion procedures Additional nance icontinued from previous page) CE. Martin, J., and Massimino, R. Routine clinical 
WARNINGS 6 Page,PA Clinical evaluation of anew microporous use of the Travenol total body bypass membrane 
Evaluation of this oxygenator at elevated altitudes Teflon membrane oxygenator J. Extra-Corp Tech., oxygenator system. AmSECT Proceedings, Vol. lly 
has shown inadequate outlet partial pressure for total Vol. VI, No. 4, 1974 1974 
( l al l 
bypass (apparently because fe membrane). Unti 7 Powers. F.F., Martin, M., Smith, C P. Beall, A.C., Jr., 12. Bartlett, R.H., Fong, S W.. Woldanski, C., Hung, E., 
appropriate modifications are made. use of this device Morris. G.C. Jr. and DeBakey. M E Clinical experience Styler, D., and MacArthur, C. Hematologic response 
at altitudes above 2400 feet (730 meters) is not with the Teflo* membrane oxygenator. AmSECT prolonged extracorporeal circulation (ECC) with 
recommended . Proceedings, Vol. II, 1974 microporous membrane devices Vol. XXI Trans. At 
In patients who are actively bleeding, medical Li Rak T Soc. Artif. Int. Organs, 1975 
judgment must be exercised in the use of the device 8. Murphy, W.. Trudell, L.A.. Friedman, ,Kakvan. M, 
Benefits of oxygenation must be weighed against Richardson, P.D., Karlson, K., and Galletti, P.M. 13. Dequirot, A., Imbert, E , Cornu. P., and Mathey, J. 
risks of total body heparinization. Oxygen requirements Laboratory and clinical experience with a microporous Membrane oxygenators and cardiac surgery. 
and transfer rates are influenced by many variables membrane oxygenator. Vol. XX Trans Amer. Soc Translated from La Nouvelle Presse Medicale, Ma 
Artif. Int. Organs, 1974. 1.1975 
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Coro Atherosclerosis 
in Valvular Heart Disease 


Jerome Lacy, M.D., Robert Goodin, M.D., 


Daniel McMartin, M.D., Ronald Masden, M.D., and Nancy Flowers, M.D. 


ABSTRACT To evaluate the usefulness of routine 
coronary arteriography in patients undergoing car- 
diac catheterization for the evaluation of valvular 
heart disease, we performed coronary arteriographic 
studies routinely in a series of 201 patients primarily 
catheterized for such evaluation. Coronary artery 
obstructive lesions in excess of 50% of the lumen 
were present in 45 of the 201 patients. In 18 of the 45 
there was no history of chest pain. Three of the 18 had 
three vessels involved while 2 had two vessels in- 
volved. A total of 27 patients (13.4%) had luminal 
obstruction greater than 70%, and 9 of these had no 
pain. In 35 of the 201 patients, classic angina pectoris 
existed in the absence of radiographically significant 
disease. 

Severe coronary disease was found to coexist with 
hemodynamically severe valvular heart disease and 
was not predictable noninvasively. 


The need for routine coronary arteriography in 
patients undergoing cardiac catheterization be- 
cause of valvular heart disease has received con- 
flicting reports in the literature. Several inves- 
tigators have suggested that all patients over 40 
years of age have coronary arteriography as part 
of their preoperative catheterization and that 
bypass surgery be considered if significant 
coronary disease exists [4, 7]. Other reports have 
stated that coronary arteriography is an un- 
necessary procedure unless the patient with val- 
vular heart disease also has angina pectoris [1, 
2]. Concomitant coronary artery disease has 
been implicated in the operative and postopera- 
tive morbidity and mortality of patients under- 
going valve replacement, and identification of 
this group of patients is desirable [7]. If such a 
group is predictable by clinical judgment alone, 
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the added risk and cost of coronary arteriog- 
raphy could be avoided in such patients. The 
purpose of this study was to determine the inci- 
dence of coronary artery disease in our patients 
with valvular heart disease and to evaluate the 
accuracy with which it can be predicted by 
noninvasive clinical means alone. Further, we 
wished to test the assertions made by others that 
significant coronary atherosclerosis would 
necessarily be revealed by hemodynamically 
significant valvular heart disease and that coro- 
nary arteriography is thus not indicated in such 
patients in the absence of angina pectoris [1, 2]. 


Materials and Methods 


During a period of two and one-half years, coro- 
nary arteriography was carried out in 201 adult 
patients undergoing cardiac catheterization for 
evaluation of valvular heart disease. The pa- 
üents were studied without regard to factors 
that might suggest coronary artery disease or a 
predisposition to it. The group included 104 
women with a mean age of 49 years and 97 men 
with a mean age of 53 years. The age range for 
the group was 18 to 74 years. 

Historical evaluation included determination 
of functional cardiac class according to the New 
York Heart Association classification, the 
cataloging of risk factors for coronary disease, 
and detailed inquiry into the presence and 
character of chest pain. Physical examination 
was further supported by phonocardiograms 
and external pressure pulsgggecording in most 
patients; xk > all, patients had electrocardio- 
grams and chést-roentgenogr , Catheteriza- 
tion data inclugigss left ventricülography and 
coronary arteriography in allgatilifits, and pul- 
monary arteriography in most patients. Hemo- 
dynamic measurements from both the right and 
left cardiac chambers were recorded. 

Patients wére classified as to age, sex, type of 
valve disease, and the presence and severity of 
coronary artefy disease. Severity was judged in 






430 The Annals of Thoracic Surgery Vol 23 No 5 May 1977 


terms of the estimated percentage of luminal 
obstruction (based on multiple views) and 
number of vessels involved. Patient groups 
identified were those without chest pain, those 
with pain atypical for angina pectoris, and those 
with typical angina. To be designated as having 
"typical" angina pectoris the patients had to 
have anterior chest, neck, or arm pain with at 
least one of the following: precipitation of pain 
by exertion, emotional stress, or exposure to 
cold, or consistent relief of pain by rest or nitro- 
glycerin. Anterior chest pain without the 
specified characteristics was considered pain 
atypical for angina pectoris. 


Results 

From the total population of 201 patients with 
valvular heart disease, 83 (41%) were found to 
have coronary artery disease, ranging from lum- 
inal irregularity of a single vessel to complete 
occlusion of two major vessels. Forty-five pa- 
tients (22%) had what was termed radio- 
graphically significant coronary disease with at 
least 50% obstruction in one or more vessels, 
and 27 patients (13%) had lesions greater than 
7095. There were 19 women and 26 men with a 
mean age of 57 years. The occurrence of radio- 
graphically significant coronary disease was 
27% for men and 18% for women (Fig 1). 


Considerations of Age 

The frequency of coronary disease rose with in- 
creasing age. The only patient below the age of 
40 who had significant disease was a 39-year-old 
woman with single-vessel disease whose only 
risk factor was cigarette smoking (Fig 25. 


Considerations of Valoular Abnormalities 


The severity and distribution of coronary artery 
lesions in patients with valve abnormalities are 
listed in Table 1. 

MITRAL STENOSIS. The study included 67 pa- 
tients (49 women and 18 men) in whom mitral 
stenosis was the predominant lesion. There 
were 21 patients with coronary artery disease, 
and 13 (19%) had significant obstructing le- 
sions; this subgroup was made up of 10 female 
and 3 male patients with a mean age of 54 years 
(Fig 3). One patient had three-vessel disease, 6 
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Fig 1. Coronary artery disease (CAD) in patients 
with valvular disease. 


had two-vessel disease, and 6 had one-vessel 
disease. Three patients were in Functional Class 
IL, 9 were in Class III, and 1 was in Class IV. 

MITRAL REGURGITATION. Thirty-three pa- 
tients (19 women and 14 men) had mitral regur- 
gitation as the predominant lesion. Twelve pa- 
tients had coronary artery disease, with 6 (18%) 
having significant disease; this subgroup in- 
cluded 2 women and 4 men with a mean age of 
61. Two patients had three-vessel disease, 1 had 
two-vessel disease, and 3 had one-vessel dis- 
ease. Five patients were in Class III or IV with 3+ 
to 4+ regurgitation. One patient had the click 
murmur syndrome with 2+ regurgitation. 

AORTIC STENOSIS. The predominant lesion 
was aortic stenosis in 56 patients (17 women and 
39 men) who were studied. Thirty-three had 
coronary artery disease, and 12 (21%) had signif- 
icant obstructing lesions. The mean age was 60 
for the 8 men and 4 women making up this 
subgroup. Two patients had three-vessel dis- 
ease, 3 had two-vessel disease, and 7 had 
single-vessel disease. Gradients across the aor- 
tic valve ranged from 58 to 132 mm Hg except for 
1 patient with a gradient of 22 mm Hg and 
another in whom we were unable to cross the 
valve. Seven patients were in Class III, 1 was in 
Class IV, and 1 was in Class Il. 
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Fig 2. Age and sex distribution. (CAD= coronary 
artery disease.) 


AORTIC REGURGITATION. Of the 30 patients 
(11 women and 19 men) who had predominantly 
aortic regurgitation, 11 had coronary artery dis- 
ease, with 9 of these (30%) having significant 
obstructing lesions. This subgroup consisted of 
1 woman and 8 men with a mean age of 56. Two 
patients had three-vessel disease, 2 had two- 
vessel disease, and 5 had single-vessel disease. 
Three patients were in Class II, 1 was in Class IV, 
and the remainder were in Class III. 

PROSTHETIC VALVES. Fifteen patients (8 
women and 7 men) were studied for evaluation 





of prosthetic valve dysfunction. Six had coro- 
nary artery disease, 5 of whom had significant 
disease. This subgroup included 2 women and 3 
men with a mean age of 48. Three patients had 
two-vessel disease and 2 had single-vessel dis- 
ease. All patients were in Class III or IV. 


Considerations of Pain 


No history of chest pain could be elicited in 18 
(40%) of 45 patients considered to have signifi- 
cant coronary disease. Fourteen patients (31%) 
had some type of chest pain considered atypical 


Table 1. Severity and Distribution of Coronary Artery Lesions by Valve Abnormality 


—————————À M————M 


Involvement 


and Degree MS MR AS AR P. Valves Total 
————— eee ee ee 
No. of 
diseased vessels 
3 1 2 2 wwa 2 0 7 
2 6 1 3 2 3 19 
1 6 3 7 5 2 23 
Total 13 6 12 9 5 45 
Obstruction 
=> 90% 2 3 6 2 3 16 
70-90% 5 1 3 1 1 11 
50-70% 6 2 3 6 1 18 
6 9 45 


Total 13 12 5 
—_- er CL 


MS = mitral stenosis; MR = mitral regurgitation; AS = aortic stenosis; AR = aortic regurgitation; P. valves = prosthetic 


valve dysfunction. 
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the patients had three-vessel disease, 2 had 





two-vessel disease, and 13 had single-vessel 20 
disease. Nine patients had obstructing lesions jð 
greater than 70% (Fig 5, Table 2). 
ATYPICAL PAIN. Sixty patients in the series of o 
201 had atypical chest pain, and 14 (23%) were pi par — 
found to have significant coronary artery dis- Pain ic gw 


ease. There were 6 women and 8 men with a 
mean age of 55. This subgroup included 5 pa- 
tients with mitral stenosis (11%), 2 with aortic 
stenosis (4.496), 1 with mitral regurgitation 
(2.2%), 4 with aortic regurgitation (8.9%), and 2 
evaluated for valve dysfunction (4.4%). One in- 
dividual had three-vessel disease, 8 had two- 


Fig 5. Symptoms of pain and coronary artery disease 
(CAD) in total group with valvular heart disease. 
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Table 2. Distribution and Severity of Coronary 
Artery Lesions by Type of Pain 


———————À 


Involvement No Atypical Typical 

and Degree Pain Pain Pain Total 

No. of 

diseased 

vessels 
3 3 1 3 7 
2 2 8 5 15 
1 13 5 5 23 

Total 18 14 13 45 

Obstruction 
= 90% 4 4 8 16 
70-90% 5 3 3 11 
50-70% 9 7 2 18 


Total 18 14 13 45 


vessel disease, and 5 had single-vessel disease 
(see Fig 5, Table 2). 

TYPICAL PAIN. Of the 201 patients studied, 48 
gave a history of pain considered typical for 
angina pectoris. Thirteen (27%) of them had 
Significant coronary disease. There were 3 
women with a mean age of 59 and 10 men witha 
mean age of 54. This subgroup consisted of 3 
patients with mitral stenosis (6.7%), 7 with aor- 
tic stenosis (16%), 1 with mitral regurgitation 
(2.2%), 1 with aortic regurgitation (2.2%), and 1 
evaluated for valve dysfunction (2.2%). Three 
patients had three-vessel disease, 5 had two- 
vessel disease, and 5 had single-vessel disease. 
Eleven patients were found to have luminal 
obstruction greater than 90% (see Fig 5, Table 2). 

ANGINA PECTORIS AND NORMAL CORONARY 
ARTERIES. There were 35 patients (17%) in the 
total group of 201 individuals studied who had 
classic angina pectoris but did not have signifi- 
cant coronary artery disease. Eighteen (8.9%) of 
these patients had completely normal coronary 
anatomy. There were 23 patients with aortic 
stenosis (17 men and 6 women), 5 with mitral 
stenosis (4 women and 1 man), 3 with aortic 
regurgitation (2 men and 1 woman), and 2 
evaluated for prosthesis dysfunction (2 men). 
The mean age was 54.8 years in the men and 52 
years in the women (see Fig 5). 


Other Relevant Considerations 


ELECTROCARDIOGRAM. Only 5 of the 45 pa- 
tients with significant coronary artery disease 


vary ct ai. Curonary Atneroscierosis in Valvular Heart Disease 


showed Q waves greater than 30 msec in the 
electrocardiogram. Other findings included 
nonspecific S-T and T abnormalities, ventricular 
enlargement, and rhythm disturbances, mainly 
atrial fibrillation or premature ventricular beats. 

COMPLICATIONS OF ARTERIOGRAPHY. There 
were no deaths, arterial thromboses, or acute 
infarctions. One patient developed ventricular 
fibrillation on injection of the right coronary 
artery and was successfully defibrillated with- 
out sequelae. The patient was 73 years old and 
had severe aortic stenosis and a 30% proximal 
lesion in the right coronary artery. 

RISK FACTORS. Risk factors for coronary ar- 
tery disease were found with equal frequency in 
patients with and without coronary disease; risk 
factors were no more common in patients with 
typical pain than in those without pain. 


Comment 

The 22% of our patients who were shown to 
have coronary artery disease when evaluated for 
valvular heart disease represent a sizable popu- 
lation. Further, the 27 patients with luminal 
obstruction in excess of 70% represent 13.4% of 
the total population studied for valvular heart 
disease. 

In a recent arteriographic study by Kasparian 
and co-workers [6], 32% of 136 patients had 
coronary artery disease. In a recent postmortem 
series of patients with rheumatic valvular dis- 
ease, Coleman and Soloff [3] reported coincident 
coronary disease in 13%. Investigations of pa- 
tients with aortic stenosis by coronary arteriog- 
raphy have shown the incidence of significant 
coronary artery disease to be as high as 5696 [5, 
8]. In our study, patients with mitral stenosis, 
mitral regurgitation, and aortic stenosis showed 
a similar incidence of coronary disease. Patients 
with aortic regurgitation showed a higher inci- 
dence even though their mean age of 56 years 
was lower than that of the group with mitral 
regurgitation and aortic stenosis. However, the 
group with aortic regurgitation contained a 
higher percentage of men than the other groups 
(see Fig 3). Otherwise, a suggestion of sex dif- 
ference was clearly manifest only in the seventh 
decade (see Fig 2). A 39-year-old woman with 
single-vessel disease was the only patient below 
age 40 found to have coronary disease. 
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In those patients studied with no history of 
chest pain, 19% were found to have significant 
coronary disease. A similar incidence has 
been reported by others [6]. In contrast, an 
investigation by Bonchek and associates [2] 
of 100 patients having a valve replaced 
reported no patients with significant asymp- 
tomatic coronary disease, and they postu- 
lated that the increased myocardial work im- 
posed by chronic valvular disease would make 
any significant coronary obstruction sympto- 
matic. As pointed out by Bonchek, patients with 
pure mitral stenosis usually do not have abnor- 
mal left ventricular function and conceivably 
could be more likely to have asymptomatic 
coronary disease. However, patients without 
pain in our series included individuals with mi- 
tral regurgitation and aortic valve disease as well 
as mitral stenosis. 

Only 2796 of the patients with typical angina 
had significant coronary disease, but a large 
number of patients with aortic stenosis were in 
this group. However, 71% of our patients with 
coronary disease did not have typical angina ora 
history of previous myocardial infarction, thus 
making the historical diagnosis of atheroscle- 
rotic heart disease somewhat insensitive in our 
patient population. 

The severity of coronary disease when related 
to symptoms of chest pain did not show a close 
correlation. Three-vessel disease occurred with 
equal frequency in patients with and without 
typical angina, but single-vessel disease was 
more common in the group without pain. 
Obstructive lesions greater than 70% occurred 
in 11 patients with typical angina and 9 patients 
without pain. Lesions greater than 90% were 
more common in individuals with typical pain, 
and lesions less than 70% were more frequent in 
patients without pain (see Table 2). 

Several factors may have contributed to the 
inadequacy of noninvasive prediction of coro- 
nary artery disease. Patients who have 
catheterization done because of valvular heart 
disease commonly are taking digitalis and have 
abnormal resting ECGs and functional impair- 
ment severe enough either to preclude exercise 
stress testing or to make its interpretation dif- 
ficult. The presence of Q waves of greater than 30 
msec occurred in only a small number of our 


patients, and in only 2 patients without typical 
angina. Also, risk factors for coronary ath- 
erosclerosis were found with equal frequency in 
patients with and without coronary disease. 

The risk of coronary arteriography must be 
considered; the risk varies according to the 
catheterization laboratory doing this procedure. 
A very low complication rate should be expected 
in those centers doing a large number of proce- 
dures. In our laboratory all complications, in- 
cluding vascular thromboses, life-threatening 
arrhythmias, and myocardial infarctions, occur 
in less than 1%. Mortality is less than 0.296, 
and there have been no deaths associated with 
the last consecutive 1,100 catheterizations, all 
but 1 of which included coronary arteriography. 

Within the period of this study there were 15 
mitral valve replacements with one or more con- 
comitant saphenous vein bypass graft proce- 
dures performed. There were no early deaths, 
nor have there been any late deaths as of this 
writing. When aortic valve replacement was 
done at the time of coronary bypass surgery, 
however, 4 deaths occurred in 12 patients so 
treated. This mortality is compared with a 
perioperative, in-hospital mortality of 3% for 
aortic valve replacement alone. In both groups 
the indications for bypass surgery were either 
severe, medically unresponsive angina pectoris 
or lesions 70% or greater (usually subtotal occlu- 
sions) in locations considered to be critical, such 
as the left main coronary artery or the very prox- 
imal portion of its left anterior descending 
branch. 

In conclusion, we found coronary disease of 
radiological significance to exist in an 
asymptomatic form in many patients with 
symptomatic, hemodynamically severe valvular 
heart disease, as well as in patients with chest 
pain. In spite of carefully done precatheteriza- 
tion evaluations, we were not able to detect such 
disease with the degree of reliability that is de- 
sirable in an individual patient. We believe in- 
sufficient time has elapsed for the impact of 
specific delineation of coronary disease to be 
evaluated as an important element in determin- 
ing appropriate medical and surgical manage- 
ment, and therefore the ultimate outcome, in 
these patients with valvular heart disease. We 
do believe that if data obtained through ar- 


- 
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teriography emerge as important determinants 
of the course of action, our study supports the 
thesis that they can be obtained with minimal 
risk; they cannot be reliably deduced or extrapo- 
lated by noninvasive means. With these consid- 
erations, in laboratories with comparable mor- 
bidity and mortality to our own, we believe the 
results of coronary arteriography should be a 
routine part of the presurgical data base. 
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Tree-shaped Pulmonary Veins 
in Infracardiac Total Anomalous Pulmonary 


Venous Drainage 
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ABSTRACT Three consecutive patients undergoing 
corrective operation for the infracardiac type of total 
anomalous pulmonary venous drainage (TAPVD) 
were found to have tree-shaped pulmonary veins. 
Preoperative angiocardiography revealed that in 2 pa- 
tients the superior and inferior pulmonary veins 
drained separately, bilaterally, into the vertical vein. 
In the third patient the right pulmonary veins united 
to connect with the vertical vein, while the left 
superior and inferior pulmonary veins drained sepa- 
rately into the vertical vein. At operation inferior 
pulmonary veins connecting separately with the ver- 
tical vein were found to be located posterior to the 
pericardium. 

In the previous literature dealing with successful 
repair of infracardiac TAPVD, there is no mention of 
the tree-shaped pulmonary veins described in this 
report. As this particular type of pulmonary vein does 
not seem to be uncommon, its possible presence 
should be kept in mind during operation, as it may 
dictate the selection of surgical procedures. 


Among, various kinds of total anomalous pul- 
monary venous drainage (TAPVD), the type that 
drains below the diaphragm has the poorest 
prognosis; consequently, correct diagnosis of 
this lesion in early infancy and subsequent sur- 
gical repair appear to be mandatory for the sur- 
vival of the patient. Reports dealing with suc- 
cessful surgical repair of this particular type of 
TAPVD have been increasing in recent years. 
However, few detailed descriptions of the 
anatomical and surgical peculiarities of this 
anomaly have been published in English. 
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We have performed corrective operations on 3 
patients with this type of TAPVD, all of them 
with tree-shaped pulmonary veins, which 
Trinkle and his co-workers [6] described as a 
new correctable variant. This report discusses 
the particular pattern of pulmonary veins in 
these patients and the surgical procedures em- 
ployed, and reviews the related literature with 
special reference to this type of pulmonary ve- 
nous pattern. 


Clinical Material 


Three children, 2 girls and 1 boy, aged 24 days 
(Patient 1), 17 months (Patient 2), and 2 months 
(Patient 3), were studied and surgical repair was 
subsequently performed. On the day of opera- 
tion the patients weighed 3.3, 9.0, and 4.6 kg, 
respectively. Cyanosis had first been noticed at 
birth, in the second month, and in the first 
week, respectively. Patient 3 had had anoxic 
spells since the third month after birth. At the 
time of admission Patients 1 and 3 had signs of 
cardiac failure with hepatomegaly. A Howell- 
Jolly body was found in the peripheral blood of 
Patient 2. The ECGs showed right axis deviation 
and right ventricular hypertrophy in all 3. No 
cardiac enlargement was noted in chest roent- 
genograms in Patients 1 and 3. The cardiac 
silhouette in Patient 2 was like a coeur en sabot, 
with a cardiothoracic ratio of 0.48. The character- 
istic ground-glass appearance of the lung was 
noticed in Patients 1 and 3, while Patient 2 
showed decreased pulmonary vascularity. 


Cardiac Catheterization 

In Patients 1 and 3 the pressure in the right 
ventricle was equal to or higher than that in the 
left ventricle. The pulmonary arterial pressure 
was also elevated. Right ventricular pressure in 
Patient 2 was slightly lower than left ventricular 
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pressure, and the catheter could not be passed 
into the pulmonary artery. Arterial blood oxy- 
gen saturation was 72,77, and 64%, respective- 
ly. In Patients 1 and 2 oxygen saturation in the 
inferior vena cava was significantly elevated in 
comparison with that in the superior vena cava. 
The inferior vena cava was to the left of the 
spinal column in Patient 2. 


Angtocardiography 

Contrast medium was injected into the pulmo- 
nary artery in Patient 1 and into the right ventri- 
cle in Patients 2 and 3. In Patient 2 a double-out- 
let right ventricle associated with subvalvular 
pulmonic stenosis was visualized. In Patient 
3 a patent ductus arteriosus was demonstrated. 
The Figure shows the configuration of the pul- 
monary veins with contrast medium in the 3 
patients. 

In Patient 1 the two pulmonary veins on both 
sides did not unite to produce a common trans- 
verse pulmonary vein, but rather drained sepa- 
rately into the vertical pulmonary vein, produc- 
ing a tree-shaped configuration (Figure, A). The 
space between the superior and inferior pulmo- 
nary vein was about 1 cm, and both veins were 
of approximately the same size. The size of the 
vertical pulmonary vein between the connection 
of the superior and inferior pulmonary veins 
was larger than respective pulmonary veins, but 
it was smaller than the common vertical pulmo- 
nary vein below the connection of the inferior 
pulmonary veins. The inferior pulmonary veins 
drained into the vertical vein at approximately 
the level of the diaphragm. 

In Patient 2 the right pulmonary veins united 
prior to draining into the vertical vein, while the 
left superior and inferior pulmonary veins were 
interspaced by about 2 cm. Connection of the 
left inferior pulmonary vein took place approx- 
imately at the level of the diaphragm (Figure, B). 

The pulmonary veins in Patient 3 showed a 
pattern similar to that in Patient 1. The superior 
and inferior pulmonary veins were closer to one 
another than in Patient 1. The point of connec- 
tion of the inferior pulmonary veins with the 
vertical pulmonary vein was proximal to the 
level of the diaphragm (Figure, C). In this infant, 
as in Patient 1, the size of the vertical pulmonary 
vein between the insertions of the superior and 


inferior pulmonary veins was smaller than the 
size of the common vertical pulmonary vein 
below the connection of the inferior pulmonary 
veins, although it was larger than four respec- 
tive pulmonary veins. 

In short, in all 3 patients the pulmonary veins 
did not form a single common transverse pul- 
monary vein, as is seen in the supracardiac type 
of TAPVD, but made a tree-shaped pattern and 
drained subdiaphragmatically. In all 3 patients 
the vertical pulmonary veins drained into the 
portal vein. 


Surgical Treatment 


Hypothermia by means of surface cooling and 
extracorporeal circulation was employed in all 3 
patients. Circulatory arrest was also used in Pa- 
tients 1 and 3. The patent ductus arteriosus was 
ligated prior to the start of extracorporeal circula- 
tion in Patient 3. In Patients 1 and 3 only the 
superior pulmonary veins were identified, and 
in Patient 2 two right pulmonary veins and one 
left pulmonary vein were found. The vertical 
pulmonary vein in Patients 1 and 3 was only 
slightly larger than the right and left superior 
pulmonary veins, while in Patient 2 the diame- 
ter of the vertical pulmonary vein was about 
three times greater than that of the left superior 
pulmonary vein. 

The pericardium was incised vertically along 
the common vertical pulmonary vein, and this 
vessel was mobilized to gain access to the in- 
ferior pulmonary vein, which was buried re- 
tropericardially. It was found that the right and 
left inferior pulmonary veins in Patients 1 and 3 
and the left inferior pulmonary vein in Patient 2 
were all located distal to the inferior margin of 
the left atrium; consequently, anastomosis of 
these veins to the left atrium did not seem feasi- 
ble. Anastomosis between the vertical pulmo- 
nary vein and the left atrium was also found to 
be difficult, because the portion of the vertical 
pulmonary vein posterior to the left atrium was 
not long enough to permit a tension-free anas- 
tomosis to the left atrium. Finally, in all 3 cases a 
transverse incision extending to the left and 
right upper pulmonary veins was made and 
anastomosed to the left atrium. 

Prior to these procedures, the common verti- 
cal pulmonary vein had been ligated distal to the 
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Frontal projection of the pulmonary arteriogram or 
right ventriculogram, with line interpretation, 
demonstrating tree-shaped pulmonary veins in (A) 
Patient 1, (B) Patient 2, and (C) Patient 3. 


inferior pulmonary vein in all instances. Follow- 
ing anastomosis of the pulmonary vein and left 
atrium, the atrial septal defect was closed di- 
rectly in Patient 1 and with a pericardial patch in 
Patient 3. In Patient 2, whose inferior vena cava 
drained to the left atrium, a Teflon patch was 
sutured to close the atrial septal defect and to 
reroute blood from the inferior vena cava to the 
right atrium. The double-outlet right ventricle 
with the subaortic ventricular septal defect and 
subvalvular pulmonic stenosis was then re- 
paired. 

Following extracorporeal rewarming, bypass 
was discontinued. In Patient 1 theright ventricle 
became distended, and she deteriorated gradu- 
ally and died in the operating room. At postmor- 
tem examination the left superior pulmonary 
vein was found to be obstructed at the site of 
anastomosis, and a patent ductus arteriosus 
with a diameter of about 5 mm was discovered. 
Patient 2 did well in the early postoperative 
period, and oral feeding was begun on the sec- 
ond postoperative day. On the fifth day she de- 
veloped progressive abdominal distention; she 





deteriorated rapidly and died on the seventh 
postoperative day. Postmortem examination re- 
vealed that the cardiac repair was intact, but 
there was a small bowel infarction 50 cm in 
length, with peritonitis. No thrombus was 
found at the site of anastomosis, at the pulmo- 
nary vein ligation, orin the common pulmonary 
venous trunk. Patient 3 was hypotensive follow- 
ing extracorporeal circulation and required 
isoproterenol and dopamine in the first post- 
operative week, but he subsequently made an 
uneventful recovery. Two years after operation 
he weighed 12.5 kg and was doing well. 


Comment 


To date there are more than 20 reported cases of 
successful repair of infracardiac TAPVD, includ- 
ing patients in whom closure of an atrial septal 
defect or ligation of the common pulmonary 
vein was not performed. However, detailed de- 
scriptions of this type of anatomical and opera- 
tive peculiarity have been rare. The pulmonary 
veins in infracardiac TAPVD have been de- 
scribed as commonly showing the following 
configuration: The superior and inferior pul- 
monary veins on each side unite to form a com- 
mon transverse pulmonary vein, which de- 
scends in the midline as the common vertical 
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pulmonary vein and passes through the dia- 
phragm. 

In 1968 Trinkle and his co-workers [6] de- 
scribed a particular case of infracardiac TAPVD 
and designated it a new correctable variant. 
Their patient appears to be identical, as far as the 
pulmonary vein pattern is concerned, to those 
described in this report. In their report the 
cineangiogram showed the vertical pulmonary 
vein poorly. Thus, exact information on the con- 
figuration of the pulmonary veins was lacking 
preoperatively. During operation they recog- 
nized only the superior pulmonary veins on 
both sides, whereas the inferior pulmonary 
veins were overlooked because they were lo- 
cated behind the pericardium. An anastomosis 
was made between the superior pulmonary vein 
and the left atrium, and the vertical pulmonary 
vein was ligated between the superior and in- 
ferior pulmonary veins. The patient died in the 
operating room. Postmortem examination re- 
vealed the existence of the inferior pulmonary 
veins, which were almost three times the size of 
the superior pulmonary veins. From this obser- 
vation, Trinkle and his co-workers [6] warned 
that the possibility of such a variant should be 
considered when a small transverse pulmonary 
vein is found during operation. 

This variant had already been described in 
autopsy reports. Patient B. O. in the report of 
Johnson and his associates [3] and Case III of 
Lucas and colleagues [5] appear to have had the 
same pulmonary vein pattern. If the preopera- 
tive angiocardiogram had given exact informa- 
tion on the pattern of the pulmonary veins, an 
error such as that made by Trinkle and his co- 
workers [6] could have been avoided. However, 
most of the patients with this type of TAPVD are 
seriously ill, and often it is impossible to obtain 
distinct visualization of the pulmonary veins 
preoperatively. The pulmonary circulation time 
is usually quite prolonged, so that injection of 
the necessarily large amount of contrast medium 
may suppress gas exchange for a long period, 
resulting in the patient's rapid deterioration. 
This was apparently the case in our Patient 1. 
Surgeons therefore are sometimes compelled to 
operate without sufficient information on the 
configuration of the pulmonary veins. Con- 
sequently, it is important to keep this particular 


pattern of pulmonary veins in mind, as our re- 
cent experience suggests that it occurs with 
some frequency. 

Atoperation, with this variant, we decided on 
a transverse incision in the superior pulmonary 
vein to gain a maximally wide anastomosis. It 
seems, however, that when the portion of the 
vertical pulmonary vein posterior to the left 
atrium is sufficiently long, a larger stoma may 
be obtained by anastomosing this part with the 
left atrium. Barratt-Boyes [1], in his operation for 
infracardiac TAPVD, reported that he could not 
find a sufficiently large transverse channel and 
had to make a vertical incision on the vertical 
channel for anastomosis. However, the length of 
incision was limited, as he admits. We agree 
that a sufficiently large stoma may be produced 
when the vertical pulmonary vein is of adequate 
size. We believe, though, that when the vertical 
vein and the right and left superior pulmonary 
veins are almost equal, a transverse incision in 
the superior pulmonary vein can produce a 
stoma of about 15 mm or more, which would be 
advantageous. 

In the repair of infracardiac TAPVD a variety 
of approaches similar to those employed for re- 
pair of supracardiac TAPVD have been de- 
scribed. In recent reports, anastomosis with the 
heart lifted anteriorly appears to be used less 
frequently, because it is a blind approach [4] and 
the condition of the anastomosis cannot be 
checked when the heart is replaced in the 
pericardial cavity. The approach from the pa- 
tient’s right side through a median sternotomy 
incision has been used increasingly. However, 
we prefer the posterior approach through a me- 
dian sternotomy with the heart lifted to the right 
and upward, as this allows complete visualiza- 
tion of the configuration of the pulmonary 
veins, which varies considerably in infracardiac 
TAPVD. This approach was employed in Pa- 
tients 1 and 3 but not in Patient 2, who had 
united superior and inferior pulmonary veins 
on the right side. Barratt-Boyes [2] found, how- 
ever, that a right-sided approach enabled him to 
perform anastomosis of the vertical channel to 
the left atrium easily and without dislocating 
any cardiac structures. 

Previous reports of successful repair of in- 
fracardiac TAPVD contain no precise descrip- 
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tion of the tree-shaped pulmonary veins de- 
scribed here. Van Praagh [7] stated that in his 
experience with infracardiac TAPVD he could 
always find the "surgeon's friend": a good- 
sized horizontal vein that could be anastomosed 
with the left atrium. Unfortunately we did not 
meet this “friend” in our 3 patients. 
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Ascending Aorta-Abdominal 
Aorta Bypass: Indications, Technique, 


and Report of 12 Patients 


Don C. Wukasch, M.D., Denton A. Cooley, M.D., 


Frank M. Sandiford, M.D., Gianantonio Nappi, 


ABSTRACT Use of the supraceliac segment of the 
abdominal aorta for ascending aorta-abdominal 
aorta bypass (AAAAB) offers a new technique for 
management of certain difficult surgical problems. 
Since 1973, we have performed AAAAB in 12 pa- 
tients: 4 with recurrent coarctation of the thoracic 
aorta; 4 with coarctation of the thoracic aorta and 
associated cardiac lesions requiring a concomitant 
intracardiac procedure; 2 with recurrent aortoiliac oc- 
clusive disease (AIOD); 1 with interruption of the 
aortic arch requiring concomitant pulmonary artery 
banding; and 1 with coarctation of the abdominal 
aorta. In 3 of these patients C with recurrent AIOD 
and 1 with coarctation of the abdominal aorta) the 
distal anastomosis was made to the distal abdominal 
aorta or femoral arteries. Ten patients (83.3%) experi- 
enced satisfactory results; 2 patients (16.6%) died. 
The technique of AAAAB provides a practical solu- 
tion to complex situations in which previous proce- 
dures preclude a standard operative approach, or 
when necessary concomitant procedures would 


otherwise require a two-stage operation. 


Certain difficult operative problems preclude a 
standard surgical approach. Among these are 
recurrent coarctation of the thoracic aorta, coarc- 
tation of the thoracic aorta with associated in- 
tracardiac conditions requiring concomitant 
treatment, recurrent aortoiliac occlusive disease 
(AIOD) in which the infrarenal aorta is inacces- 
sible, interruption of the aortic arch in infants 
with associated intracardiac defects, and co- 
arctation of the abdominal aorta. Ingenious 
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methods using bypass procedures to manage 
such difficult situations have been described: 
axillofemoral bypass for AIOD (Blaisdell and 
Hall [1], 1963); innominate artery—distal ab- 
dominal aorta bypass for coarctation (Inokuchi 
and colleagues [5], 1971); descending thoracic 
aorta-femoral artery bypass for AIOD (Nunn 
and Kamal [7], 1972); and aortic arch or prox- 
imal descending thoracic aorta- distal descend- 
ing thoracic aorta bypass for recurrent coarcta- 
tion (Weldon and associates [11], 1973). 

The concept of utilizing the ascending, aorta 
for proximal anastomomis for such bypass grafts 
was reported by Schumacker and co-workers [9] 
in 1968 for a patient with mycotic aneurysm fol- 
lowing repair of coarctation of the thoracic aorta 
in which a graft was brought from the ascending 
aorta to the infrarenal abdominal aorta. (The 
patient died of complications of the primary dis- 
ease several weeks postoperatively.") In 1972 
Robinson and colleagues [8] reported treating a 
dissecting descending thoracic aortic aneurysm 
with a graft from the ascending aorta to the in- 
frarenal abdominal aorta. A successful bypass 
graft from the ascending aorta to the infrarenal 
abdominal aorta for coarctation of the thoracic 
aorta was reported by Siderys and associates [10] 
in 1974 in a patient with coarctation of the 
thoracic aorta that was inaccessible because ofa 
fibrothorax. In 1974, Frantz and associates (4] 
reported a case in which ascending aorta— 
femoral artery bypass was performed in a pa- 
tient with severe AIOD. More recently, Liotta 
and co-workers [6] reported a patient with an 
infected pseudoaneurysm following operative 
treatment of a coarctation of the thoracic aorta. 
In each of these reports of ascending aorta- 
abdominal aorta bypass (AAAAB), the distal 


*Shumacker HB Jr: Personal communication [10]. 
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anastomosis was placed into the distal (infra- 
renal) abdominal aorta. 

During the past three years, we have used a 
modification of the concept of AAAAB. With 
this technique the distal end of the ascending 
aortic graft is anastomosed end-to-side to the 
supraceliac bare area (SBA) of the abdominal 
aorta just below the level of the diaphragm. This 
report describes application of this technique [3] 
in 9 patients. Three additional patients are de- 
scribed in whom the distal anastomosis was 
made to either the infrarenal abdominal aorta or 
the femoral arteries. 


Clinical Material 

Since July 10, 1973, 12 patients (6 male, 6 female) 
have undergone ascending aorta-abdominal 
aorta (or femoral artery) bypass at the Texas 
Heart Institute (Table 1). Ages ranged from 14 
days to 49 years, with an average age of 28 years. 
The indications for performing this procedure 
are shown in Table 2. The categories of anatomi- 
cal lesions are depicted in Figure 1. 


Operative Procedures 


A standard median sternotomy incision is made 
and extended caudad through the midline ab- 
dominal fascia to the level of the umbilicus if the 
SBA is to be the site of the distal anastomosis. 


The ascending aorta is exposed by dividing the 
mediastinal tissues, leaving the pericardium in- 
tact. The transverse colon and stomach are re- 
tracted downward through the abdominal inci- 
sion and the liver is mobilized to the right by 
dividing the triangular ligament of the left lobe. 
The right crus of the diaphragm is incised, ex- 
posing a generous portion of aorta (SBA) prox- 
imal to the celiac axis (Fig 2A). A partially 
occluding clamp is placed on the ascending 
aorta, and a 16 or 18 mm diameter, low porosity, 
woven Dacron graft* is anastomosed end-to- 
side to the aorta. The graft is passed to the right 
of the right atrium, ventral to the inferior vena 
cava, and then passed through a T-shaped open- 
ing made in the fibrous portion of the dia- 
phragm. The supraceliac portion of the abdomi- 
nal aorta is clamped with either a partially 
occluding clamp or two vascular clamps (Fi g 2B), 
and the distal end of the graft is anastomosed to 
the aorta end-to-side with a continuous suture 
of 4-0 polyester [3]. This technique, used in a 
43-year-old man with recurrent coarctation of 
the thoracic aorta (Patient 12, Table 1), is shown 
in Figure 3. 

The treatment of patients with coarctation of 
the thoracic aorta associated with acquired car- 
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Table 1. Experience with Ascending Aorta-Abdominal Aorta Bypass (AAAAB) 


———— M BÓ RÀ — Án —— ünaeÓ—— 


Patient No., 
Age (yr), 


and Sex Date Diagnosis Procedure Result 


l. 14, M 7/10/73 Coarctation, abdominal aorta 
2. 15, M 3/20/74 Recurrent coarctation, thoracic aorta 
3. 41, F 7/11/74 Recurrent aortoiliac occlusive disease 
4. 43, M 9/26/74 Recurrent coarctation, thoracic aorta 
5. 14 days, F 12/6/74 Interruption of aortic arch, ventricular 
septal defect, patent ductus arteriosus 
6. I2, F 3/17/75 Coarctation, thoracic aorta and mitral 
insufficiency 
7. 33,M 6/4/75 Coarctation, thoracic aorta and aortic 
stenosis 
6.°41,.F 7/2175 Recurrent coarctation, thoracic aorta 
9. M, M 10/17/75 Coarctation, thoracic aorta and mitral 
insufficiency 
10. 38, F 2/2/76 Recurrent aortoiliac occlusive disease 
11. 49, F 711776 Coarctation, thoracic aorta, aortic 
stenosis, aneurysm of ascending aorta, 
idiopathic hypertrophic subaortic 
stenosis 
12. 43, M 9/23/76 Recurrent coarctation, thoracic aorta 


AAAAB 


AAAAB and bypass to left subclavian 
artery 


Ascending aorta-deep femoral artery 
bypass 


AAAAB 
AAAAB and pulmonary artery banding 


AAAAB and mitral valve replacement 
AAAAB and aortic valve replacement 
AAAAB 

AAAAB and mitral annuloplasty 
Ascending aorta-femoral artery bypass 
AAAAB, aortic valve replacement, 


resection of aneurysm ascending 
aorta, and excision of myocardium 


AAAAB 


Excellent 
Excellent 


Died 2 mo postop following thrombosis 
of graft and pulmonary embolus 

Excellent 

Died 2 days postop secondary to 
congestive heart failure 

Excellent (postop hemorrhage; 
required reexploration) 

Excellent (postop transient cerebro- 
vascular accident secondary to air 
embolus) 

Excellent 

Excellent 


Excellent 
Excellent 


Excellent 


El 
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Table 2. Indications for Ascending 
Aorta—Abdominal Aorta Bypass in 12 Patients 


ET 


Indications No. of Patients 


Recurrent coarctation of thoracic 4 


aorta 

Coarctation of aorta with asso- 4 
ciated intracardiac lesions 

Recurrent aortoiliac occlusive 2 
disease 

Interruption of aortic arch in 1 
infants 

Coarctation of abdominal aorta 1 


diac lesions may be demonstrated by the tech- 
nique [2] used ina 49-year-old woman (Patient 
11, Table 1) who had coarctation of the thoracic 
aorta, calcific aortic stenosis, an aneurysm of the 
ascending thoracic aorta, and idiopathic hyper- 
trophic subaortic stenosis (IHSS) (Fig 4). On July 
17, 1976, following institution of temporary car- 
diopulmonary bypass, the patient underwent 
resection of the aneurysm of the ascending aorta 
and replacement with a 26 mm diameter, low 
porosity, woven Dacron graft; aortic valve re- 
placement with a low-profile, biconical disc, 
full-orifice Cooley-Cutter* prosthetic valve; re- 
section of the "hypertroph" of the IHSS; and 
bypass grafting from the ascending aortic graft 
to the supraceliac portion of the abdominal aorta 
using a 16 mm diameter, woven, low porosity 
Dacron graft (Fig 5). The patient experienced 
several episodes of tachyarrhythmia postopera- 
tively, and she responded satisfactorily to medi- 
cal management. Postoperative cineangiograms 
showed satisfactory function of the graft and no 
kinking or impingement by adjacent organs. 
She was discharged from the hospital in good 
condition 16 days postoperatively. 

The technique of AAAAB was also ‘used for 
treatment of coarctation of the abdominal aorta 
in a 14-year-old boy (Patient iTable i; Fig 1, d). 
In this instance, with stenosis both above and 
below the renal arteries, a graft was brought 
from the ascending aorta through the gas- 
trohepatic ligament into the retroperitoneum 
and anastomosed to the abdominal aorta at the 


*Cutter Laboratories, Biomedical Device Division, 7380 
Conway Ct, San Diego, CA 92112. 


* 





Fig 1. Anatomical lesions for which AAAAB was 
performed: (a) recurrent coarctation of thoracic 
aorta; (b) coarctation of thoracicaorta witli 
associated anomalies—1, congenital aortic stenosis 
or mitral insufficiency, 2, acquired aortic stenosis 
and aneurysm of ascending aorta; (c) interrupted 
aortic arch with associated intracardiac defects; (d) 
coarctation of abdominal aorta; and (e)recurrent 
aortoiliac occlusive disease with extensive fibrosis. 





level of the renal arteries. A second graft was 
then anastomosed to the previous graft above 
and to the distal abdominal aorta below (Fig 6). 
In patients with recurrent AIOD who have 
undergone multiple previous procedures, 
AAAAB can be used to avoid approaching an 
inaccessible abdominal aorta (Fig 1, e). In a 38- 
year-old woman (Patient 10, Table 1) a graft was 
brought from the ascending aorta through the 


S 
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Fig 2. (A) Exposure of supraceliac aorta. Dotted line 
indicates line of incision in right crus of diaphragm. 
(B) Technique of clamping supraceliac aorta at site of 
distal anastomosis. 





B 


Fig 3. (A) Preoperative aortogram demonstrating 
recurrent coarctation of thoracic aorta in 43-year-old 
man (Patient 12, Table 1). (B) Graft from ascending 
aorta to abdominal aorta in Patient 12. 
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Fig 4. Anatomical lesions in Patient 11, 

demonstrating (a) calcific aortic valve stenosis, (b) 
aneurysm of ascending aorta, (c) coarctation of 
descending thoracicaorta, and (d) idiopathic 
hypertrophic subaortic stenosis. Preoperative blood 
pressures were 25010—30 mm Hg in the left ventricle, 
210180 mm Hg in the ascending aorta, and 120 /100 
mm Hg in the abdominal aorta. 


diaphragm and gastrohepatic ligament into the 
retroperitoneum and anastomosed distally to 
both common femoral arteries (Fig 7). 


Results 
Of the 12 patients in our series, 10 experienced 
satisfactory results, and 2 patients died. Causes 
of death were congestive heart failure in a 14- 
day-old infant (Patient 5, Table 1) who had com- 
plete interruption of the aortic arch with an as- 
sociated ventricular septal defect (VSD) and a 
patent ductus arteriosus (PDA); and a pulmo- 
nary embolus two months postoperatively in a 
41-year-old woman (Patient 3, Table 1) with se- 
vere coronary artery occlusive disease following 
thrombosis of the graft to both deep femoral 
arteries. 

In 2 patients, nonfatal complications oc- 
curred: a postoperative hemorrhage requiring 
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Fig 5. Postoperative reconstruction of operation done 
on Patient 11 (Fig 4), demonstrating myomectomy, 
aortic valve replacement, resection and Dacron graft 
replacement of ascending aortic aneurysm, and 
ascending aorta—abdominal aorta bypass graft. 
Postoperative blood pressures were 110/65 mm Hg in 
the ascending aorta and 110/80 mm Hg in the . 
abdominalaorta. 


reexploration in a 17-year-old girl (Patient 6, 
Table 1) who underwent AAAAB and mitral 
valve replacement; and a transient cerebrovas- 
cular accident, apparently from an air embolus, 
in a 33-year-old man (Patient 7, Table 1) who 
underwent AAAAB and aortic valve replace- 
ment. 


Comment 


The use of the ascending aorta for proximal anas- 
tomosis for bypassing complex lesions has been 
described previously [4, 6, 8-10]. Use of the 
supraceliac bare area (SBA) of the proximal ab- 
dominal aorta appears to offer a new and practi- 
cal solution to an otherwise difficult operation. 
A number of advantages appear to make the SBA 
the site of choice for the distal anastomosis in 
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Fig 6. Technique of treatment of coarctation of 
abdominal aorta (Patient 1, Table 1) by AAAAB with 
distal anastomoses to abdominal aorta at level of 
renal arteries and bifurcation. 





AAAAB. First, this segment of aorta is of  Fig7. AAAAB in Patient 10, who had recurrent 
AIOD, with distal anastomosis to both common 


adequate length to accommodate the graft and is ; | 
femoralarteries. The patient had previously 

the portion of aorta least likely to contain ath- undergone an aortofemoral bypass which had 

erosclerotic disease. Second, use of this site of- become thrombosed. An initial attempt was made to 


fers the shortest route for course of the graft, and place a new graft to the infrarenal abdominal aorta, 
but severe disease in this area precluded satisfactory 


it minimizes the threat of intestinal complica- anastomosis. Therefore the abdominal incision was 
tons from erosion or obstruction of adjacent extended to a median sternotomy and AAAAB was 
organs, a potential problem when usingalonger Performed. 

graft that traverses the peritoneal cavity. Third, 

this technique allows for a shorter abdominal 

incision and less manipulation of bowel, result- 

ing in less postoperative ileus. Finally, the aorta 
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at this site is relatively free of tributaries, lessen- 
ing the potential of spinal cord devasculariza- 
tion injuries commonly associated with man- 
agement of recurrent coarctation of the thoracic 
aorta. 
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Coronary Venous Arterialization: 
Acute Hemodynamic, Metabolic, and 
Chronic Anatomical Observations 
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ABSTRACT Nine dogs that had anastomosis of the 
internal mammary artery (IMA) to the left anterior 
descending coronary vein (LADV) were studied 
acutely on right-heart bypass. Occlusion of the left 
anterior descending coronary artery (LADA) and 
LADV without venous arterialization resulted in a 
significant decline in stroke work, total coronary 
flow, and myocardial oxygen uptake; with reactive 
hyperemia an increase in lactate and pyruvate con- 
sumption resulted. Occlusion of the LADA and 
LADV with VA did not change these variables 
greatly, except for a marked increase in total coronary 
flow with reactive hyperemia. 

Chronic venous arterialization in 14 dogs was as- 
sociated with a 1496 mortality, while 10 controls had a 
40% mortality. Dogs were killed at six weeks, and 
prior angiography in 9 showed patency of the IMA to 
the heart without filling of cardiac veins. All dogs 
had infarcts in the distribution of the LADA; these 
infarcts were smaller in dogs with venous arterializa- 
tion. The anastomoses were obliterated by mature or 
maturing fibrous tissue, with alteration of the vein so 
that it was frequently not discernible, while the IMA 
was well preserved. Distal veins had foci of intimal 
proliferation, subintimal fibrosis, and medial hyper- 
trophy. 

Although venous arterialization provides protec- 
tion for the acutely ischemic myocardium, this effect 
does not persist, perhaps because of anastomotic oc- 
clusion due to fibrous proliferation. 


Coronary artery reconstruction with au togenous 
vein or internal mammary artery (IMA) is widely 
practiced and generally yields good results. 
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Some patients are not suitable candidates for 
coronary bypass because of diffuse or distal 
coronary disease. Endarterectomy combined 
with bypass is particularly effective for the 
occluded right coronary artery and has been 
applied to the left coronary artery. In some in- 
stances endarterectomy is not effective because 
of small vessels, very distal disease, or soft dis- 
ease that does not lend itself well to endarterec- 
tomy. For this small group of patients, or for 
those having reoperation because previous 
bypass grafts have failed as a result of small or 
diseased arteries, coronary vein arterialization 
may be worthwhile. 

Historically, the concept of arterializing coro- 
nary veins to revascularize the heart is not new 
[2, 12, 14]; perfusion of the coronary sinus has 
been proposed as a method for myocardial pro- 
tection during aortic cross-clamping [7]. On this 
background Bhayana and associates [4] eval- 
uated the acute effects of regional coronary 
venous arterialization in sheep and found a 
favorable effect on ischemic S-T segment 
changes. Others [3, 6] carried out short-term 
studies in dogs and concluded that regional 
coronary venous arterialization had sufficient 
merit to warrant clinical use, and this approach 
was then applied by several groups [3, 10, 11]. 
However, Chiu and Mulder [5] found that coro- 
nary venous arterialization results in significant 
shunting as determined by microsphere trap- 
ping, and chronic experiments revealed venous 
obliteration due to intimal proliferation [13, 15]. 

To evaluate coronary venous arterialization 
further, the following acute and chronic studies 
were performed. 


Methods 
Preparation for Acute Experiment 


Nine mongrel dogs weighing 23 to 30 kg were 
anesthetized with sodium thiopental (30 mg/kg) 
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and mechanically ventilated with 95% oxygen 
and 5% carbon dioxide. The chest was opened 
through a median sternotomy, and the IMA was 
mobilized with a pedicle of soft tissue. Heparin 
(3 mg/kg) was administered. The azygos vein 
was divided, and the superior and inferior 
venae cavae were cannulated. Systemic venous 
return passed through an extracorporeal circuit 
(Fig 1) primed with homologous blood and lac- 
tated Ringer’s solution. The circuit consisted of a 
reservoir, bubble oxygenator, heat exchanger, 
and roller pump. Arterial return was to the can- 
nulated pulmonary artery or femoral artery. The 
right carotid artery, left ventricular apex, and left 
atrium were cannulated for pressure mea- 
surements with strain gauges. The great cardiac 
vein (through the coronary sinus) and right IMA 
were cannulated and connected to an au- 
toanalyzer for continuous measurements of arte- 
rial and coronary venous oxygen, lactate, and 
pyruvate [8, 9]. The metabolic data were re- 
corded every fifteen seconds on a multipoint 
recorder. In-line flow probes were present in the 
bypass circuit to measure cardiac output and in 
the right ventricular line to measure total coro- 
nary flow. The right side of the heart was iso- 


Fig 1. Cross-section of IMA-coronary vein 
anastomosis showing artery above (A) and poorly 
defined vein below (B) which appears to be part of, 
and blends with, the mature fibrous reaction 
obliterating the lumen. Anastomotic suture spaces 
are present (C). (Verhoeff's elastic tissue stain; 
original magnification X10.) 





^ 


lated by ligating the cavae over the caval cathe- 
ters and the pulmonary artery over its cannula. 
The electrocardiogram was monitored and the 
right atrial appendage paced when appropriate. 
All physiological data were recorded on an 
eight-channel direct- writing recorder. 


Procedure for Acute Experiment 


The animal was placed on total cardiopulmonary 
bypass. A snare was placed on the proximal left 
anterior descending artery (LADA) and vein 
(LADV). The aorta was cross-clamped and the 
heart fibrillated and protected with topical 
hypothermia (crushed ice made from Ringer's 
lactate). A coronary vein-IMA anastomosis was 
made with running 7-0 Prolene suture. The aorta 
was released and the heart defibrillated. Obvi- 
ous apical venovenous shunts were ligated. 
After a period of stabilization the transition 
from total bypass to right heart bypass was 
made. After a ten-minute stable control period 
with the IMA occluded, the snare around the 
LADA and the LADV was tightened to produce 
the control ischemic period of seven minutes. 
The snare was released to restore circulation for 
fifteen minutes, to evaluate reactive hyperemia. 
The proximal LADA and LADV were again 
occluded and the LADV was simultaneously 
perfused by the IMA. The test period was seven 
minutes, after which the snare on the LADA and 
LADV was released and reactive hyperemia was 
evaluated with the IMA patent. The IMA was 
occluded, and after stabilization the complete 
sequence was repeated up to three times. At the 
end of the procedure the IMA was injected with 
methylene blue to identify the adequacy of per- 
fusion. The left ventricle was then weighed for 
calculations of myocardial oxygen consumption. 
The methods of calculation have been pre- 
viously described [1]. 


Preparation for Chronic Experiment 


Fourteen mongrel dogs underwent left 
thoracotomy utilizing endotracheal inhalation 
anesthesia. The right IMA was mobilized with a 
pedicle of soft tissue, and heparin (3 mg/kg) was 
administered. Using proximal and distal snares, 
an end-to-side IMA-proximal LADV anas- 
tomosis was performed using a running 7-0 Pro- 
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lene suture without cardiopulmonary bypass. 
The LADA was then ligated distal to the first 
diagonal branch, and LADV perfusion was 
begun after the LADV was ligated cephalad to 
the anastomosis. Heparin was reversed and the 
chest closed in a standard manner. No venoven- 
ous shunts were ligated. Ten control dogs 
underwent left thoracotomy and LADA ligation 
distal to the first diagonal branch. 


Procedure for Chronic Experiment 


Control and experimental dogs were followed 
for six weeks and killed. The IMA was studied 
angiographically prior to death in 9 dogs with 
venous arterialization. Full-thickness sections 
of the left ventricle were taken from both groups, 
and serial sections were taken from the anas- 
tomosis. Tissue was fixed in formalin and was 
sectioned and stained with hematoxylin and 
eosin. Selected sections were stained with Ver- 
hoeff's elastic tissue stain and phosphotungstic 
acid-hematoxylin (PTAH) for fibrin and colla- 
gen. 


Results of Acute Experiment 


Hemodynamic and metabolic data are sum- 
marized in the Table. Without venous arteriali- 
zation, LADA occlusion resulted in a significant 
fall in stroke work (p < 0.005), total coronary 
flow (p « 0.05), and myocardial oxygen con- 
sumption, while left ventricular end-diastolic 
pressure and lactate and pyruvate uptake did 
not change. With reactive hyperemia (release of 
LADA occlusion), myocardial oxygen consump- 


tion and total coronary flow did not change sig- 
nificantly from control, while pyruvate and lac- 
tate uptake increased (p « 0.05). (These changes 
in lactate and pyruvate may not be physiologi- 
cally significant.) 

With venous arterialization, LADA occlusion 
did not change hemodynamic or metabolic mea- 
surements. With reactive hyperemia the only 
significant change was the rise in total coronary 
flow (p « 0.05). 


Results of Chronic Experiment 


Two of the 14 dogs with venous arterialization 
had died at 24 hours (1496 mortality) while 10 
controls had a 40% mortality. All animals were 
killed at six weeks. Angiography in 9 dogs prior 
to their death revealed patency of the IMA to the 
heart with no significant filling of the coronary 
veins. 

Postmortem examination of control and 
treated animals revealed transmural infarcts in 
both groups involving the anterior wall of the 
left ventricle, apex, and adjacent septum; these 
infarcts were significantly more extensive in 
control animals. Infarcts had a definite apical 
localization in treated animals. The IMA was 
patent to the heart in all instances, but the anas- 
tomosis appeared occluded by tissue grossly in- 
distinguishable from the artery and vein, except 
in 2 dogs that died suddenly with patent anas- 
tomoses. There was no gross evidence of acute 
or chronic thrombosis in the IMA or the anas- 
tomosis. 

Microscopy revealed occlusion of all anas- 


Hemodynamic and Metabolic Data from 9 Acute Experiments 


m c LK NNNM E o e S 


No Venous Arterialization 





With Arterialization 





Occlusion Reactive Occlusion Reactive 
Measurement Control of LADA Hyperemia Control of LADA Hyperemia 
LVEDP (mm Hg) 10.0 ILT EA 10.0 11.2: 32 
Stroke work (gm-m) 6.0 ERE IOF .,, 6.0 O8 LS vu, 
TCF (ml/100 gm/min) 120€ 1.5 108+3.0+ 133 + 8.7 109 £35 111+3.2 135+ 9.3> 
O» uptake (ml/100 gm/min) 10.8 + 0.1 9.$ XE 0.56 12.3 + 0.7 10.2 + 6.9 109-0. 12.4 £0.9 
Lactate uptake 4.8 Ł 0.1 4820.5 62 t0." 95:104 5131-06 6621.0 


(mg/100 gm/min) 
Pyruvate uptake 
(mg/100 gm/min) 


0.85 + 0.01 0.85 + 0.05 0.94 + 0.02? 


0.84 + 0.06 0.87 + 0.06 1.60 40.05 


*p « .005. 


^» < 0.05. 


LADA - left anterior descending artery; LVEDP = left ventricular end-diastolic pressure. 
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tomoses at six weeks. The lumen was obliter- 
ated, with mature fibrous tissue or more active 
fibrous tissue showing apparent recanalization, 
minimal inflammatory reaction, good preserva- 
tion of the IMA at the anastomosis, and frequent 
loss of definition of the vein (Fig 1). Although 
the venous outline could be surmised, smooth 
muscle was usually absent. Pigment-containing 
macrophages and fibrin were generally not 
found. This anastomotic reaction was seen to 
extend into the IMA for a short distance in sev- 
eral instances (Fig 2). Remote from the anas- 
tomosis two types of changes were noted in the 
coronary veins. In a few instances there was 
uniform thickening of the media due to in- 
creased smooth muscle. More commonly there 
was encroachment on the lumen by focal intimal 
proliferation or by subintimal foci of mature col- 
lagen (Fig 3). 

Study of the infarcts in both groups revealed 


Fig 2. Cross-section of IMA-coronary anastomosis 
showing well-preserved artery with tissue extending 
from the anastomosis into the lumen of the IMA (A). 
Although the distal extent of the IMA and 
anastomotic sutures are readily apparent (B), the 
vein cannot be distinguished from the obliterative 
reaction. (Verhoeff's elastic tissue stain; original 
magnification X10.) 





4 


no significant microscopical differences other 
than the observations, also seen grossly, of 
smaller infarct size and less thinning of the 
myocardium in treated animals. 


Comment 


We have found that acute arterialization of the 
LADV prevents hemodynamic and metabolic 
changes associated with ligation of the LADA. 
Others have evaluated acute coronary venous 
arterialization with LADA ligation and found 
evidence of benefit to the myocardium, which 
would have been rendered ischemic. Bhayana 
and associates [4] in studying sheep found that 
S-T segment changes in the epicardial elec- 
trocardiogram were minimized by venous ar- 
terialization. Benedict and co-workers [3] 
amassed indirect evidence for acute myocardial 
revascularization using measurements of flow 
and flow distribution in dogs. Similarly, Gardner 
and co-workers [6] utilized oxygen content of 
coronary sinus blood to provide evidence of 
myocardial perfusion by venous arterialization. 
Light and electron microscopy provided evi- 
dence of “minimal” immediate protection from 
infarction by venous arterialization [15]. Acute 
"nutritional" myocardial blood flow was found 
to be minimal, as estimated by trapping of 15-4 


Fig 3. A coronary vein distal to the IMA—-coronary 
anastomosis with a focal subintimal nodule of mature 
fibrous tissue. (H&E; original magnification X10.) 
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microspheres, which indicates significant 
shunting of blood from arterialized veins of 
sheep [5]. This shunting, which was probably 
through thebesian channels or venovenous col- 
laterals larger than 20 u in diameter, was 
thought to be responsible for the high measured 
flow through the IMA-venous anastomosis. 

We found that reactive hyperemia was not 
significantly greater than control flow after 
LADA occlusion. However, flow did increase, 
and the lack of a significant increase in TCF may 
reflect the distal location of the snare and the 
relatively small contribution to total coronary 
flow. The significant level of reactive hyperemia 
with venous arterialization suggests that there 
was myocardial ischemia during LADA occlu- 
sion despite venous arterialization and that 
reactive hyperemia combined with venous ar- 
terialization and the associated venovenous 
shunting resulted in a significant elevation of 
total coronary flow above control flow. Venous 
arterialization thus appears to have some short- 
term benefit, but it does not provide total protec- 
tion to the ischemic myocardium. 

Our chronic observations indicate that trans- 
mural myocardial infarction does occur with 
LADA ligation and LADV arterialization, but 
the infarction is smaller than with LADA liga- 
tion alone. Second, the arterialized veins de- 
velop severe fibrous obliteration at and adjacent 
to the anastomosis, with anastomotic occlusion 
and focal intimal hypertrophy and fibrous nod- 
ules distal to the anastomosis. These observa- 
tions with respect to myocardial infarction con- 
firm the findings of Chiu and co-workers in 
sheep [5]. They did not find venous obliteration, 
which appears to be a species difference since 
venous obliteration was also observed by 
Zajtchuk and associates [15] and Razzuk and 
Urschel [13] in dogs. The occurrence of trans- 
mural infarction without venous obliteration in 
sheep [5] indicates that venous obliteration is 
not responsible for the infarction and that the 
infarction is a reflection of inadequate myocar- 
dial perfusion by venous arterialization, as sup- 
ported by acute observations cited above. Ve- 
nous arterialization is of some benefit, since 
infarct size is reduced acutely [15] and the he- 
modynamic and metabolic variables that we 
monitored are improved, but it obviously does 


not restore the perfusion deficit created by acute 
coronary ligation. 

The exact nature of the anastomotic failure is 
not clear from our microscopical observations. 
Classic intimal proliferation appears to be an 
orderly process and combines fibrous elements, 
smooth muscle, and elastic fibers that have a 
concentric layered configuration. This is in con- 
trast to the disorganized fibrous reaction that we 
observed. It can be said that we were seeing the 
end stage of an organizing thrombosis, but 
pigment-containing macrophages and fibrin 
were notably absent, perhaps due to timing. It 
seems unlikely that technical errors and throm- 
bosis would have caused all anastomoses to fail, 
with subsequent organization of the thrombus. 
The loss of smooth muscle and structure of the 
vein wall is not typical for intimal proliferation 
and suggests a destructive process in volving the 
entire vein wall. Whether there was acute injury 
of the vein due to high pressure, flow, and tur- 
bulence can only be conjectured from our data. 
Since two other groups of investigators [13, 15] 
have observed venous obliteration following 
this anastomosis in the dog, we believe that it 
represents a specific response of the coronary 
veins to arterialization. 

Because arterialized venous grafts in dogs re- 
spond with intimal proliferation similar to that 
noted in man, the early problems of inadequate 
myocardial perfusion are likely to be com- 
pounded by progressive venous obliteration. 
On this basis itis reasonable to conclude that the 
effectiveness of venous arterialization in man is 
so limited as to warrant its use only in desperate 
situations. We must condemn the clinical use of 
this procedure on the basis of apparently sup- 
portive acute experimental observations. 
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Prognostic Considerations in the 
Management of Left Ventricular Aneurysms 


Donald C. Mullen, M.D., Leonard l'osey, M.D., Roger Gabriel, P.A., 
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ABSTRACT This report summarizes a four-year ex- 


» *. perience with 60 patients who had left ventricular 


aneurysm (LVA) resection and bypass of all signifi- 
cantly diseased coronary arteries, with an operative 
and late mortality of 3.3 and 8.3%, respectively. Their 
cardiac catheterizations were reviewed, and the only 
values that seemed to reflect prognosis were pre- 
operative cardiac index and the presence or ab- 
sence of septal motion. The lower the cardiac index, 
the less likely the patient was to do well postopera- 
tively. There were no survivors who had lacked sep- 
tal motion by left anterior oblique ventriculogram. 
Patients without septal motion are therefore no 
longer considered surgical candidates. If septal mo- 
tion is present, resection of LVA carries no more risk 
than myocardial revascularization without LVA. 


Left ventricular aneurysm (LVA) is a frequent 
complication of myocardial infarction, the inci- 
dence varying from 3 to 3596 [1, 2, 4, 12, 14]. 
Although multiple vessels may be markedly in- 
volved, most aneurysms occur in the distribu- 
tion of the left anterior descending (LAD) coro- 
nary artery [2, 4, 5-9, 11, 13, 15]. Since successful 
resection of LVA was reported in 1958 [3], this 
procedure has gained widespread acceptance. 
With the development of selective coronary an- 
giography and coronary bypass surgery, resec- 
tion of LVA has been combined with coronary 
revascularization in an attempt to improve car- 
diac hemodynamics. This has been accom- 
plished with good results and acceptable mortal- 
ity [5-11, 13, 15]; however, the long-term results 
of this operation have not been totally clarified. 
This report summarizes a four-year experi- 
ence with 60 patients who had LVA resection 
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and bypass of all significantly diseased coronary 
arteries. The entire series has been analyzed in 
an attempt to determine the preoperative find- 
ings that might serve as prognostic considera- 
tions in patients being evaluated for operation. 
It has been suggested that the presence or ab- 
sence of collaterals and the status of the distal 
LAD might be associated with the development 
of LVA [2, 11, 15]. To study the role of collaterals 
further, the coronary angiograms and ven- 
triculograms of a group of patients with com- 
plete occlusion of the LAD but without LVA 
were reviewed. These were correlated with the 
coronary angiograms and ventriculograms of 
the patients with aneurysms. 


Clinical Material 
Sixty patients underwent operation for LVA 
from January, 1972, through December, 1975. 
All had resection of the LVA and bypass of sig- 
nificant coronary artery disease when possible. 
All had preoperative catheterization with selec- 
tive coronary angiography and left ventriculog- 
raphy. There were 48 men aged 33 to 65 years 
(mean, 51), and 12 women 36 to 65 years of age 
(mean, 52). All patients had had at least one 
myocardial infarction. Follow-up was obtained 
in 56 patients (93%). The results were then 
analyzed to determine which preoperative find- 
ings or measurements might have prognostic 
implications. The entire group of 35 patients 
with total occlusion of the LAD without the 
presence of LVA was studied to determine what 
factors other than LAD occlusion might play a 
role in the formation of LVA. 

The presenting symptoms are shown in Table 
1. Fifty-six patients (93%) had angina when first 
seen. No patients had had an embolus. The in- 
dications for operation were angina, congestive 
heart failure, arrhythmia, or a combination of 
these symptoms. The cardiac index ranged from 
1.7 to 4.1 L/min/m? (mean, 2.6 L/min/m?); mean 
pulmonary artery pressure from 10 to 45 mm Hg 
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Table 1. Presenting Symptoms of Left Ventricular 
Aneurysms (60 patients) 


oD 


Symptoms No. of Patients 


20 (33%) 
Angina + congestive heart failure 21 (35%) 


Angina alone 


Angina + arrhythmia 15 (25%) 

Congestive heart failure 4 ( 7%) 
* arrhythmia 

Emboli 0 


o —  — 


(mean, 18 mm Hg); pulmonary artery wedge 
pressure from 2 to 35 mm Hg (mean, 12.5 mm 
Hg); and left ventricular end-diastolic pressure 
from 3 to 44 mm Hg (mean, 17 mm Hg). 

The coronary angiograms were available for 
review in 56 patients; those of 4 patients studied 
elsewhere were not reviewed, but the written 
reports of these were available for evaluation. 
Thirty-three patients (5596) had four-vessel dis- 
ease (LAD, first diagonal, right, and circumflex 
coronary arteries). Fifteen patients (25%) had 
three-vessel disease, 8 patients (1396) had two- 
vessel disease, and only 4 patients (6%) had 
one-vessel disease. 


The LAD was significantly diseased in all pa- 
tients. There was total obstruction of the LAD in 
43 patients, with 90 to 95% obstruction in L^ 
The LAD obstruction was above the first major 
septal artery in 31 of the patients and below this 
vessel in 29. The site of the LAD obstruction was 
proximal to the major diagonal branch of the 
LAD in 43 of the patients and distal to it in 17. 
Twenty-two of these patients had septal collat- 
erals to the LAD from other vessels, while 38 had 
none. 

Associated major disease was present in the 
first diagonal branch in 45 of the patients, in the 
right coronary artery in 45, and in the circumflex 
artery in 42. The right coronary artery was dom- 
inant in 38 patients; of these, major disease was 
present in 25. The circumflex artery was domi- 
nant in 16 patients; major disease was present in 
9 of these. Balanced circulation was present in 6 
patients. All aneurysms involved the anterior or 
apical left ventricular wall, or both. There were 
no posterior aneurysms in this series. The apical 
segment of the left ventricular wall was 
hypokinetic or akinetic in all patients. Distribu- 


tion of hypokinesia or akinesia in the other car- 
diac walls is shown in Table 2. 


Technique 


All patients underwent median sternotomy for 
access to the heart. No attempt was made to 
dissect the pericardium from the aneurysm or to 
manipulate the heart until the heart had been 
fibrillated and cardiopulmonary bypass was 
started. The vein grafts were usually sutured to 
the ascending aorta before cannulation, using a 
side-biting clamp. Heparin was then adminis- 
tered and a cannula inserted through the aortic 
arch and right atrium. Bypass was begun and 
the heart fibrillated. The patients were cooled 
to 30° to 32°C. Topical cooling was used 
rarely. The aneurysm was dissected free and 
opened, and the interior of the ventricle was 
inspected. All clot was removed, and care was 
taken to preserve the chordae of the mitral valve. 
Ten of the 60 patients had clot and 21 had some 
scar in the septum. The aneurysm was removed 
to within 1 cm of viable myocardium, and the 
ventricle was closed with a layer of interrupted 
mattress sutures of No. 2 nylon over Teflon-felt 
pledgets, reinforced with a second simple run- 
ning layer. The heart was vented through the 
aneurysm suture line or the right superior pul- 
monary vein, and distal coronary bypass anas- 
tomoses were performed. 


Results 

Fifty-six patients were followed for 5 to 40 
months, with a mean of 12 months. The patients 
were divided into four groups: Group I, 27 pa- 
tients (48%) who improved postoperatively; 
Group II, 16 patients (29%) who are the same 
postoperatively; Group III, 6 patients (11%) who 
are worse postoperatively; and Group IV, 7 pa- 


Table 2. Ventricular Wall Impairment in Left 
Ventricular Aneurysms (Akinesia or Hypokinesia) 


aM 


Location No. of Patients 
Apical 60 (100%) 
Anterior 57 (95%) 
Posterior 20 (34%) 
Lateral 36 (60%) 
Septal 4 ( 7%) 
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a 
>28 
28 


26 
24 


2.2 
«2.2 
E 


Group II 
(Same) 


Group II 
(Worse) 


Group I 
(Improved) 


Fig 1. Mean preoperative cardiac index in patients 
surviving operation for left ventricular aneurysm. 


tients (11.7% of the original 60 patients) who 
died. Of the 7 deaths, 2 were early and 5 were 
late. Comparison of Groups I, II, and III reveals 
no significant difference between the groups 
with respect to number of previous myocardial 
infarctions, New York Heart Association 
Functional Class, main pulmonary artery pres- 
sure, pulmonary artery wedge pressure, left 
ventricular end-diastolic pressure, number of 
diseased vessels, dominant vessel, site of LAD 
lesion with respect to major septal and major 
diagonal branch, percentage of LAD occlusion, 
and presence or absence of septal collaterals. 

The only preoperative finding that correlated 
in the three groups was the cardiac index (Fig 1). 
The higher cardiac index (2.8 in Group I) was 
associated with a more favorable surgical result, 
while a lower preoperative cardiac index (2.2 in 
Group III) was associated with a less favorable 
surgical outcome. Further breakdown of each 
group is also revealing (Table 3); 5 of the 6 pa- 
tients in Group III (those who were worse post- 
operatively) had a cardiac index of less than 2.2 
L/min/m* preoperatively. 

Comparing the deaths (Group IV) with the 


survivors (Groups I, II, and IIl) there is no si gnif- 
icant difference in any of the preoperative 
hemodynamic studies. Rather, Group IV closely 
resembled Groups I and II in all preoperative 
findings mentioned above. The only objective 
variable that differed between the group of pa- 
tients who died and the groups who survived 
was ventricular septal motion. Of the 49 patients 
followed who survived, all had detectable septal 
motion. Of the 7 patients who died, 4 had no 
septal motion. Both patients who died early and 
2 of the 5 who died late had no septal motion 
visible on preoperative ventriculograms. Revas- 
cularization was carried out in 52 of the 60 pa- 
tients (18 single, 27 double, and 7 triple by- 
passes). 

Thirteen patients had saphenous vein grafts 
to the LAD, which were performed to increase 
blood supply to the septum. Of this group, 6 
were improved, 3 were the same, while 2 were 
worse; there was no follow-up in 2. There were 
no deaths in this group of patients who had LAD 
bypasses. 


Comparison of Patients with LVA to Patients 

with 100% Occlusion of the LAD without LVA 
The ventriculograms and the coronary angio- 
grams in 35 randomly selected patients with total 
occlusion of the LAD without LVA were re- 
viewed and analyzed in the same way as the 
ventriculograms and coronary angiograms of 
the patients with LVA. Differences were found 
between these groups of patients. The LVA 
group had more diffuse disease with more ves- 
sels involved (Table 4). Thirty-three of the pa- 
tients with LVA had four-vessel disease, while 
only 5 of the group with 10096 occlusion of the 
LAD without LVA had four-vessel disease. 
Thirty of the group without an aneurysm had 


Table 3. Preoperative Cardiac Index in 49 Patients Surviving Operations for Left Ventricular Aneurysm 


Group | 
Cardiac Index (Improved) 
Less than 2.2 L/minim? 8 (3096) 
2.2-2.8 L/min/m? 7 (2696) 
More than 2.8 L/min/m? 12 (43%) 


Group II Group III 

(Same) (Worse) 
5 (3196) 5 (83%) 
6 (3896) 1 (17%) 
5 (3196) 


Total 27 16 6 
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Table 4. Extent of Disease 


a — — 


Patients with 


No. of 10090 LAD 
Diseased Patients with Occlusion without 
Vessels LVA (60) LVA (35) 

4 33 (55%) 5 (14%) 

3 15 (2596) 18 (51%) 

z 8 (13%) 7 (20%) 

i 4 ( 6%) 5 (1496) 


LVA = left ventricular aneurysm; LAD = left anterior de- 
scending coronary artery. 


disease of three vessels or less, while 27 of the 
group with LVA had disease of three vessels or 
less. 

Other differences are shown in Figure 2. As- 
sociated major disease of the main diagonal 
branch was 3.4 times more common in the group 
with LVA than in the group without an 
aneurysm. There was no important difference 
between the two groups with respect to as- 
sociated disease in the right or circumflex coro- 
nary artery, or in terms of which was the domi- 
nant vessel. Further contrast between the two 
groups was demonstrated. In the group of pa- 
tients with aneurysm, the site of LAD obstruc- 


Fig 2. Occlusion of left anterior descending (LAD) 
coronary artery and angiographic comparison of 
patients with and without left ventricular aneurysm 
(LVA). 











tion was proximal to the origin of the major 
diagonal or major septal branch in 43 and 31, 
respectively, while in the group without 
aneurysm the site of the LAD obstruction was 
distal to the origin of the major diagonal or major 
septal branch in 14 and 9 patients, respectively. 
Septal or other collaterals to the LAD were pres- 
ent in 22 of the group with aneurysm, while in 
the group without aneurysm 25 patients had 
septal or other collaterals to the LAD. 


Comment 


Several factors over the past 15 years have re- 
sulted in a great improvement in operative mor- 
tality and long-term results in patients with 
LVA. The refinement in technique and evalua- 
tion of the coronary cineangiogram and the ac- 
companying ventriculogram in both the left and 
right anterior oblique projections has been the 
primary factor. The addition of myocardial re- 
vascularization has further improved results. 
Finally, proper selection of patients and 
meticulous operative technique help reduce 
poor results to a minimum. 

Angina and a past history of myocardial in- 
farction are almost universal [4, 7—10, 14]. Most 
of the patients (57, or 9596) in the LVA series had 
angina pectoris. In addition, the more classic 
symptoms of congestive heart failure and ar- 
rhythmias were present in 27 (45%) and 20 
(3396) patients, respectively. We agree with 
Loop and co-workers [7] that one of the indica- 
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direction of 
movement 
in systole 





Fig 3. Septal motion on ventriculogram (left anterior 
oblique view). 


tions for resection of LVA is angina. Even 
though a patient may not exhibit heart failure, 
arrhythmia, or emboli, the aneurysm in a pa- 
tient with angina should be resected or plicated, 
along with bypass of all significantly obstructed 
coronary arteries. This does not greatly increase 
the risk of operation, and most of the patients 
are relieved of angina. 

Hemodynamic studies in this group of pa- 
tients demonstrated a wide range of left ven- 
tricular function. We could find no correlation 
between the prognosis of surviving patients and 
mean pulmonary artery pressure, pulmonary ar- 
tery wedge pressure, number of vessels in- 
volved, dominant vessels, incidence of disease 
in dominant vessels, presence or absence of sep- 
tal collaterals, the level of LAD obstruction, 
number of involved ventricular walls, or 
number of grafts done. However, there were 
two factors which did seem to have prognostic 
implications: (1) the cardiac index and (2) ven- 
tricular septal motion seen in the left anterior 
oblique ventriculogram (Fig 3). 

The mean preoperative cardiac index in our 
patients who were improved postoperatively 
was 2.8 L/min/m?; in the group who were worse 
following operation it was 2.2 L/min/m?. The 
cardiac index was also described as having 
prognostic implications by Machleder and Mul- 
der [8], who observed that the patients who did 
poorly after resection of ventricular aneurysm 
manifested low-cardiac-output states preopera- 
tively. On the basis of the present series we can 
state that in patients surviving resection of LVA 


and bypass grafting the lower the preoperative 
cardiac index was, the less likely the patient was 
to do well. We found no correlation between left 
ventricular end-diastolic pressure and prog- 
nosis. 

The importance of ventricular septal motion 
has not been recognized by most surgeons. One 
important difference between survivors and 
nonsurvivors in our series was the integrity of 
the septum. All survivors had motion of the 
septum, whereas both patients who died early 
and 2 of the5 who died late had absence of septal 
motion. There was no correlation between the 
number of walls involved and survival. We con- 
clude that lack of septal motion indicates a de- 
gree of left ventricular dysfunction so diffuse 
and so severe as to be virtually inoperable. Op- 
eration therefore is no longer recommended in 
patients who have no evidence of septal motion. 
It must be stressed that an evaluation of septal 
motion can be made only by the left anterior 
oblique ventriculogram. It cannot be overem- 
phasized that both right and left anterior ob- 
lique views are necessary for adequate evalua- 
tion of the four major walls (anterior, inferior, 
lateral, and septal). 

Usually the LAD in our patients was totally 
obliterated and led directly into scar; it was 
thought that grafting would not be beneficial. 
However, in 13 (2296) of our patients the LAD 
was bypassed; no deaths occurred in this group, 
but this is a controversial treatment [10, 11, 15]. 
If the septum is in jeopardy from poor collateral 
circulation and there is angiographic evidence 
of major septal branches coming off a segment of 
the LAD, an effort should be made to bypass this 
vessel. This, of course, is not an attempt to re- 
vascularize the anterior or apical scar but to pre- 
serve the septum, since the viability of the sep- 
tum is related to survival. 

Not all patients with significant LAD disease 
develop ventricular aneurysms. In order to iden- 
üfy factors leading to the development of 
aneurysms, we compared the 60 patients with 
LVA with the group of 35 randomly selected 
patients who had LAD occlusion but had not 
developed aneurysms of the anterior wall. Sev- 
eral factors became apparent in this review. Not 
only were more vessels involved in patients 
with LVA, but the disease was more diffuse and 
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collateral formation was not as good as that in 
patients without aneurysms but with totally 
occluded LADs. As previously noted, there was 
four-vessel involvement (LAD, first diagonal, 
circumflex, and right coronary arteries) in 33 of 
the patients with aneurysm and in only 5 of 
those without aneurysm. Further analysis of 
these figures seems to indicate that the primary 
difference was whether the first diagonal branch 
was involved or not. Forty-five of the patients 
with LVA had major disease in the first 
diagonal; in most of the remaining 15 patients 
the LAD occlusion was above the diagonal. 
While only 9 of the patients without aneurysms 
had major diagonal disease, 21 of them had LAD 
occlusion below the diagonal. Among the pa- 
tients without aneurysms, the lesion was below 
the first major septal perforator in 26. 

The group without aneurysms had far better 
septal, anterior, and lateral wall perfusion. 
Thus, in this series the anatomy of the LAD 
lesion and the involvement of the first diagonal 
seemed to work together to determine which 
patients develop an aneurysm. The presence or 
absence of septal collaterals appears to be of 
great importance in determining which patients 
will develop aneurysms. Only 22 of the patients 
with LVA had septal collaterals, while 25 of 
those without aneurysm had abundant collater- 
als. There was usually an abundant network of 
collateral circulation to the LAD in patients 
without aneurysms. The importance of septal 
collaterals has been recognized by others 
fz, 11, 3} 

We conclude that several factors determine 
whether a patient with LAD occlusion develops 
an aneurysm or not: (1) total number of vessels 
with major involvement, (2) involvement of the 
first diagonal branch, (3) diffuseness of the 
coronary artery disease, (4) whether LAD 
obstruction is above or below the first diagonal 
or first septal branch, and (5) collateral formation 
to the septum and LAD. It is our belief that upon 
careful analysis of the angiogram, one can thus 
predict with a high degree of accuracy which 
patient would be likely to develop a ventricular 
aneurysm. It becomes obvious that in selected 
patients with aneurysms, the LAD should be 
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bypassed and the aneurysm resected primarily 
for preservation of the septum. 
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The open chest. 


Another opening 
for staph? 


Postoperative surgical infections 

Valve replacement: a procedure that can at 
once sustain life and predispose to infection. 
Although identification of the infectious 
organism may be difficult, a delay in treatment 
could result in invasion of the endocardium. 
The implicated organism may be a penicillinase- 
producing staph. Progression can be swift 

and devastating. 


Initial antistaph therapy: injection 

It’s vitally important that effective treatment of 
bacterial invasion begin as soon as possible. 

If you suspect the presence of staph and must 
begin therapy before definitive culture results 
are known, Injection Unipen® (nafcillin sodium) t 


is a particularly suitable agent. 


Appropriate specimens for bacteriologic 
studies to determine the causative organisms 
and their susceptibility to nafcillin should be 
taken prior to the first dose of antibiotic. And, if 
those studies subsequently implicate organisms other 
than penicillinase-producing staphylococci sensitive 
to nafcillin, discontinue it and administer the appro- 
priate antibiotic. 


Rapid penetration 

Unipen appears rapidly in plasma following 
intramuscular administration. Penetrates body tissues 
in high concentrations and diffuses well into pleural, 
pericardial and synovial fluids. 





“On call” capability 
Reconstitutes in less than 60 seconds. Remains 
stable for 24 hours.t 


Follow-up therapy: oral 

Unipen (nafcillin sodium) is available in tablets, 
capsules, and oral solution as well as the parenteral 
form. The injectable form should be used initially 

in severe infections. And as soon as the Clinical 
condition warrants, oral forms of Unipen allow you 
*o continue antistaph therapy with the same anti- 
biotic in a form more convenient to patients. 


Nafcillin-susceptible PENicillinase-producing staphylococci. 
See Important Note on next page. 

See important information under Parenteral Administra- 
tion. on next page. 
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Unipe 
(nafcillin sodium) 


AS THE MONOHYDRATE, BUFFERED,WYETH 


Disc Susceptibility Tests: Quantitative methods that require 
measurement of zone diameters give the most precise estimates of 
antibiotic susceptibility. One such procedure* has been recom- 
mended for use with discs for testing susceptibility to penicillinase- 
resistant penicillin-class antibiotics. Interpretations correlate diam- 
eters on the disc test with MIC values for penicillinase-resistant 
penicillins. With this procedure, a report from the laboratory of 
“susceptible” indicates that the infecting organism is likely to 
respond to therapy. A report of “resistant” indicates that the infect- 
ing organism is not likely to respond to therapy. A report of "'inter- 
mediate susceptibility" suggests that the organism would be 
susceptible if high dosage is used, or if the infection is confined to 
tissues and fluids (e.g., urine) in which high antibiotic levels are 
attained. 

*Bauer, A.W., Kirby, W.M.M., Sherris, J.C., and Turck, M.: Antibiotic 
Testing by a Standardized Single-Discs Method, Am. J. Clin. Pathol., 
45:493, 1966; Standardized Disc Susceptibility Test, FEDERAL REGISTER 
37 :20527 -29, 1972. 

Indications: Although the principal indication for nafcillin sodium 
is in the treatment of infections due to penicillinase-producing 
staphylococci, it may be used to initiate therapy in such patients in 
whom a staphylococcal infection is suspected. (See Important 
Note below.) 

Bacteriologic studies to determine the causative organisms and 
their sensitivity to nafcillin sodium should be performed. 

In serious, life-threatening infections, oral preparations of the 

penicillinase-resistant penicillins should not be relied on for 
initial therapy. 
Important Note: When it is judged necessary that treatment be 
initiated before definitive culture and sensitivity results are known, 
the choice of nafcillin sodium should take into consideration the fact 
that it has been shown to be effective only in the treatment of infec- 
tions caused by pneumococci, Group A beta-hemolytic streptococci 
and penicillin G-resistant and penicillin G-sensitive staphylococci. 
If the bacteriology report later indicates the infection is due to an 
organism other than a penicillin G-resistant staphylococcus sensitive 
to nafcillin sodium, the physician is advised to continue therapy with 
a drug other than nafcillin sodium or any other penicillinase- 
resistant semi-synthetic penicillin. 

Recent studies have reported that the percentage of staphylococcal 
isolates resistant to penicillin G outside the hospital is increasing, 
approximating the high percentage of resistant staphylococcal iso- 
lates found in the hospital. For this reason, it is recommended that 
a penicillinase-resistant penicillin be used as initial therapy for any 
suspected staphylococcal infection until culture and sensitivity 
results are known. 

Methicillin is a compound that acts through a mechanism similar 
to that of nafcillin sodium against penicillin G-resistant staphylo- 
cocci. Strains of staphylococci resistant to methicillin have existed 
in nature and it is known that the number of these strains reported 
has been increasing. Such strains of staphylococci have been 
capable of producing serious disease, in some instances resulting 
in fatality. Because of this there is concern that widespread use of 
the penicillinase-resistant penicillins may result in the appearance 
of an increasing number of staphylococcal strains which are re- 
sistant to these penicillins. 

Methicillin-resistant strains are almost always resistant to all 
other penicillinase-resistant penicillins (cross resistance with ceph- 
alosporin derivatives also occurs frequently). Resistance to any 
penicillinase-resistant penicillin should be interpreted as evidence 
of clinical resistance to all, in spite of the fact that minor variations 
in in vitro sensitivity may be encountered when more than one 
penicillinase-resistant penicillin is tested against the same strain 
of staphylococcus. 

Contraindications: A history of allergic reaction to any of the 
penicillins is a contraindication. 

Warnings: Serious and occasionally fatal hypersensitivity (anaphy- 
lactoid) reactions have been reported in patients on penicillin 
therapy. Although anaphylaxis is more frequent following parenteral 
therapy it has occurred in patients on oral penicillins. These re- 
actions are more apt to occur in individuals with a history of 
sensitivity to multiple allergens. 

There have been reports of individuals with a history of penicillin 
hypersensitivity reactions who have experienced severe hypersen- 
sitivity reactions when treated with a cephalosporin. Before therapy 
with a penicillin, careful inquiry should be made concerning previous 
hypersensitivity reactions to penicillins, cephalosporins, and other 
allergens. If an allergic reaction occurs, appropriate therapy should 





be instituted, and discontinuation of nafcillin therapy considered. 
The usual agents (antihistamines, pressor amines, corticosteroids) 
should be readily available. 

Precautions: As with any potent drug, periodic assessment of 
organ system function, including renal, hepatic and hematopoietic, 
should be made during prolonged therapy. 

The possibility of bacterial and fungal overgrowth should be kept 
in mind during long-term therapy. If overgrowth of resistant organ- 
isms occurs, appropriate measures should be taken. 

The oral route of administration should not be relied upon in 
patients with severe illness, or with nausea, vomiting, gastric dilata- 
tion, cardiospasm or intestinal hypermotility. 

Safety for use in pregnancy has not been established. 

Particular care should be taken with intravenous administration 

because of the possibility of thrombophlebitis. 
Adverse Reactions: Reactions to nafcillin sodium have been 
infrequent and mild in nature. As with other penicillins, the possi- 
bility of an anaphylactic reaction or serum sickness-like reactions 
should be considered. A careful history should be taken. Patients 
with histories of hay fever, asthma, urticaria, or previous sensi- 
tivity to penicillin are more likely to react adversely. 

The few reactions associated with the intramuscular use of nafcillin 
sodium have been skin rash, pruritus, and possible drug fever. As 
with other penicillins, reactions from oral use of the drug have in- 
cluded nausea, vomiting, diarrhea, urticaria, and pruritus. 
Parenteral Administration: It is recommended that parenteral 
therapy be used initially in severe infections. The patient should be 
placed on oral therapy with this product as soon as the clinical condi- 
tion warrants. Very severe infections may require very high doses. 

Intravenous Route: The required amount of drug should be 
diluted in 15 to 30 ml. of Sterile Water for Injection, U.S.P., or 
Sodium Chloride Injection, U.S.P., and injected over a 5- to 10- 
minute period. This may be accomplished through the tubing of an 
intravenous infusion if desirable. 

Stability studies on nafcillin sodium at concentrations of 2 mg/ml 
and 30 mg/ml in the following intravenous solutions indicate the 
drug will lose less than 10% activity at room temperature (70? F.) 
during the time period stipulated: 


Isotonic sodium chloride..............................24 hours 
506 dextrose in water ....... eee aaa 24 hours 
5% dextrose in 0.4% 

sodium chloride Solution: ico rr 24 hours 
Rinas s solom Liuius ses Pre LR ERE RU prp a t prt 24 hours 
M/6 sodium lactate solution 

(conc. of 30 mg/ml) . EEEE AE AE E T 24 hours 


Discard any unused portions of intravenous solutions after 
24 hours. 

Only those solutions listed above should be used for the intra- 
venous infusion of Unipen® (nafcillin sodium). The concentration of 
the antibiotic should fall within the range of 2 to 30 mg/ml. The drug 
concentrate and the rate and volume of the infusion should be 
adjusted so that the total dose of nafcillin is administered before 
the drug loses its stability in the solution in use. 

There is no clinical experience available on the use of this agent in 
neonates or infants for this route of administration. 

This route of administration should be used for relatively short- 
term therapy (24-48 hours) because of the occasional occurrence of 
thrombophlebitis, particularly in elderly patients. 

Intramuscular Route: The clear solution should be administered 
by deep intragluteal injection immediately after reconstitution. 
After reconstitution, keep refrigerated (2°-8° C.) and use within 
7 days or keep at room temperature (25° C.) and use within 3 days. 
Oral Administration: Beta-hemolytic streptococcal infections 
should be treated for at least 10 days to prevent development of 
acute rheumatic fever or glomerulonephritis. 

If oral therapy is inadequate, resort to parenteral nafcillin sodium. 

After mixing, the oral solution must be stored in a refrigerator. 

Discard any unused portion after one week. 
Supplied: INJECTION (VIALS)—Supplied in vial sizes of 500 mg., 
] gram, and 2 gram nafcillin sodium as the monohydrate, buffered. 
When reconstituted as recommended, the contents of each vial pro- 
vide, respectively, 2-, 4- or 8-ml. of nafcillin sodium solution 
equivalent per m/. to 250 mg. nafcillin buffered with 10 mg. sodium 
citrate. Film-coated TABLETS—containing nafcillin sodium as the 
monohydrate, equivalent to 500 mg. nafcillin buffered with calcium 
carbonate. CAPSULES— containing nafcillin sodium, as the mono- 
hydrate, equivalent to 250 mg. nafcillin buffered with calcium car- 
bonate. FOR ORAL SOLUTION-— Bottle of dry nafcillin sodium as 
monohydrate—powder for reconstitution to provide 100 ml. of 
solution containing nafcillin sodium equivalent to 250 mg. nafcillin 
per 5 ml. 
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ABSTRACT Left ventricular wall resection with or 
without vein bypass grafting was performed in 50 
consecutive patients with aneurysm or an akinetic 
segment with poor left ventricular hemodynamics. 
Ejection fraction averaged 2996 and left ventricular 
end-diastolic pressure averaged 20 mm Hg. As- 
sociated valve disease was present in 14 patients 
(28%). Hospital mortality was 22% (11 patients) and 
late mortality was 2096 (10 patients). The lowest mor- 
tality (3%, 1 death) was found in patients who had 
anterior apical resection with associated vein bypass, 
in whom prophylactic balloon pumping was used 
when needed for ejection fractions of less than 3096. 
A high mortality occurred with associated valve re- 
placement (6 deaths, 86%) and posterior aneurysm. 
Among 39 patients followed for an average of 
twenty-four months, 34 (87%) improved one class 
and 18 (4695) improved two classes of the New York 
Heart Association Functional Classification. 


Extensive myocardial destruction resulting from 
one or more myocardial infarctions may present 
a variety.of pathological patterns that alter the 
risk and feasibility of a corrective operation. The 
location and extent of the wall dysfunction and 
the associated coronary artery and valve prob- 
lems must be weighed in deciding the value of 
surgery for a particular patient. Resection of 
ventricular saccular aneuryms has resulted in 
significant salvage and hemodynamic im- 
provement [1, 2, 6]. In contrast, the large, dilated 
heart with an ejection fraction of less than 40% 
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and extensive areas of akinesia or hypokinesia 
has been difficult to evaluate in terms of surgical 
risk and result. Actually many patients have 
a combination of aneurysm, akinesia, hypo- 
kinesia, and valvular insufficiency in addi- 
tion to coronary artery disease. The ventriculo- 
gram is sometimes difficult to interpret because 
the large volume and high tension may appear 
as a global rather than a segmental problem. The 
benefits of revascularization alone in this par- 
ticular group are open to question and have not 
been demonstrated in our experience. Our ap- 
proach to patients with impaired ventricular 
function has been to reduce the size of the ven- 
tricle, along with any reasonable revasculariza- 
tion and valve replacement. This report deals 
with our experience in 50 consecutive patients 
who underwent ventricular wall resection for 
segmental necrosis resulting from coronary ar- 
tery disease. 


Material and Methods 


Resection of a portion of the left ventricular wall 
was carried out in 50 patients in whom signifi- 
cant dysfunction was demonstrated on ven- 
triculography. The patients ranged in age from 
36 to 73 years (average, 53 years); 40 of them 
(80%) were male. Functional classification ac- 
cording to New York Heart Association criteria 
revealed 6 patients in Class II (1296), 17 patients 
in Class III (3496), and 27 patients in Class IV 
(54%). Fourteen patients (28%) had associated 
valvular or septal defects, as detailed in Table 1. 
All but 1 had significant coronary artery disease 
in the form of arteriosclerotic stenosis or occlu- 
sion. Forty (8096) of the patients had advanced 
disease of two or more vessels. The preoperative 
hemodynamic status is analyzed in Table 2. 
Ejection fraction, cardiac index, end-diastolic 
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Table 1. Associated Valve Disease in 50 Patients 
Undergoing Left Ventricular Wall Resection 


Disorder No. of Patients 
Mitral regurgitation (1—4+) 10 
Aortic and mitral stenosis and 1 
insufficiency 
Tricuspid and mitral 1 
insufficiency 
VSD and mitral insufficiency 1 
Aortic stenosis and insufficiency 1 
Total 14 


VSD = ventricular septal defect. 


pressure, and mean pulmonary artery pressure 
were significantly abnormal. Table 3 shows the 
distribution of these hemodynamic mea- 
surements. 

In some patients resection was combined with 
saphenous vein bypass and valve replacement. 
One patient also had closure of an interventricu- 
lar septal defect. All patients were studied 
preoperatively by standard catheterization and 
angiography techniques. Ten patients were 
studied postoperatively at intervals of three 
weeks to eight months. Ejection fractions were 
calculated using the length-area method from 
the left ventricular cineangiogram in the 30- 
degree right anterior oblique position [4]. Car- 
diac output was determined by indicator- 
dilution and Fick techniques. 

The ventricular wall dysfunction was clas- 
sified as an aneurysm if a definite sac with 
paradoxical motion was observed. When para- 
doxical motion and contraction were absent, 
the disorder was classified as akinesia, though 
many of these patients had an associated small 
aneurysm of the apex. Patients who had large 
hearts with almost global akinesia and hypo- 


kinesia except for contraction at the base were 
classified as akinetic, though some of these 
would more properly be classified as having an 
aneurysm at the time of operation, since the wall 
was composed of thin, fibrotic scar instead of 
the thickened fibromuscular tissue of the akine- 
tic segment. | 

Surgical techniques included standard ex- 
tracorporeal bypass with mild hypothermia and ` 
induced ventricular fibrilation. The central 
portion of the aneurysm or akinetic area was 
excised, leaving a scarred edge for closure rein- 
forced with strips of Teflon felt. Palpation be- 
tween fingers and observation for changes of the 
endocardium were helpful in locating the point 
of transition to normal muscle. The septum was 
not excised, though in 2 patients the closure 
sutures were placed through the septum to in- 
clude the adjacent right ventricular wall. An- 
terior resections often extended from the base of 
the ventricle anteriorly to the papillary muscles 
posteriorly. 

The Avco intraaortic balloon was used 
prophylactically to assist circulation in patients 
with ejection fractions below 30% and, when 
indicated, for low cardiac output at the end of 
extracorporeal bypass. For elective placement, 
the decision was made in advance of the opera- 
tion and carried out before or at some appro- 
priate time during the procedure, before any 
output problems were demonstrated. The bal- 
loon was removed two to seven days later, after a 
period of weaning. 


Results 


If the patients are classified clinically as having 
(1) angina, (2) congestive heart failure, or (3) 
angina plus congestive heart failure, distinct dif- 
ferences in surgical survival are seen (Table 4). 
Evidence for chronic intermittent congestive 


Table 2. Preoperative Hemodynamic Data in Patients Undergoing Left Ventricular Wall Resection 





No. of 
Determination Patients 
Ejection fraction 47 
Cardiac index 49 
End-diastolic pressure 50. 


Pulmonary artery pressure 50- 


Range Mean SD 
9-52% 29 11.5 
0.52—-3.6 2.46 " 0.1 
4-40 20.2 9.7 
12-50 25 10.5 





463 Lefemine et al: LV Wall Resection for Aneurysm and Akinesia 


Table 3. Distribution of Normal and Abnormal Hemodynamic Values in Patients 


Undergoing Left Ventricular Wall Resection 











Determination Normal Abnormal 
Left ventricular 0-13, 14-20, 20-30, | 30-40, _ 
end-diastolic 15 patients 14 patients 14 patients 7 patients 
pressure (mm Hg) 
Pulmonary artery 0-15, 15--20, 20-30, 30-40, 40—50, 
pressure (mm Hg) 9 patients 15 patients 13 patients 9 patients 4 patients 
Cardiac index 3.5-2.5, 2.5-2.0, 2.0-1.5, <1.5; <1, . 
(Limin/m*) 20 patients 12 patients 13 patients 4 patients 1 patient 
Ejection — 60-50, 50-40, 40-30, 30-20, - 20-9, — 
fraction (96) 3 patients 6 patients 14 patients 14 patients 10 patients 
Table 4. Correlation of Operative Mortality and Symptoms in 50 Patients 
Undergoing Left Ventricular Wall Resection 
No. of No. of 
Symptom Patients Survivors % Survival 
Angina 17 16 94 
CHF 20 16 80 
Angina + CHF 13 f 53 
39 78 


Total 50 


CHF = congestive heart failure. 


heart failure was present in 33 (66%) of the pa- 
tients. The location and nature of the myocardial 
necrosis had a distinct effect on surgical sur- 
vival, although the number of patients with 
large posterior lesions and acute myocardial 
infarction was not large enough for statistical 
evaluation (Table 5). The operations varied in 
technical complexity from simple resection of 
an aneurysm to combined resection, coronary 
bypasses, valve replacement, and closure of a 
ventricular septal defect (Table 6). Anterior api- 
cal resection plus single or multiple bypasses, 
performed in 31 patients, was associated with a 
low mortality (1 death, 3.2%). Valve replace- 
ment in addition to resection and bypass in 7 
patients resulted in 6 deaths, a mortality of 86%. 
This figure includes two unusual causes of 
death: an air embolus and a retrograde coronary 
embolus from an abdominal aortic aneurysm. A 
large posterior wall aneurysm resulted in 2 
operative deaths. 

Balloon counterpulsation was an invaluable 
aid for circulatory support. It was used in two 


ways: (1) to help the patient with postoperative 
shock or low cardiac output and (2) on a 
prophylactic basis in anticipation of temporary 
low cardiac output problems. Of interest is the 
fact that the intraaortic balloon was used in 24 of 
the 36 patients (72%) for whom it was available. 
Among the 14 patients having prophylactic bal- 
loon support, 13 survived. Four of the 10 pa- 
tients who had balloon support for low cardiac 
output after bypass lived. 

The 4 operative deaths resulted from myocar- 
dial failure. One of these was due to a global 
infarction present before operation, and another 
to an unsuspected coronary embolus from an 
aortic aneurysm (Table 7). Postoperative deaths 
occurred within seven days; all resulted from 
myocardial failure and cardiogenic shock with 1 
exception, the patient who died from air em- 
bolus. 

Follow-up ranged from two months to five 
years (average, twenty-four months). There 
were 10 late deaths (20%), all related to heart 
disease. Nine patients died from cardiac failure 
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Table 5. Operative Mortality in 50 Patients Undergoing Left Ventricular Wall Resection 








No. of No. of 

Myocardial Abnormality Patients Survivors % Survival 
Chronic anterior aneurysm 14 12 85.7 
Chronic anterior-apical akinesia 29 25 86.2 
Chronic posterior aneurysm + akinesia 2 0 

Acute infarction with shock 3 1 

Acute infarction with angina 2 1 

Total 50 39 78 


Table 6. Operative Mortality by Operation Performed in 50 Patients 


Undergoing Left Ventricular Wail Resection 


No. of 


Operation Patients 
Resection only (2 acute infarctions) 11 
Anterior resection + 1 bypass 10 
Anterior resection + 2 bypasses 16 
Anterior resection + 3 bypasses 9 
Posterior resection + 2 bypasses 1 
Resection + valve replacement 7 
with or without bypass 
Total 50 


No. of 
Survivors % Survival 
8 72.7 
9 90 
16 100 
5 100 
0 0 
1 14 
39 78 





Table 7. Causes.of Death among 50 Patients Undergoing Left Ventricular Wall Resection 





Operation 


Cause of Death 





Intraoperative deaths 
Posterior aneurysm + 2 bypasses 


Posterior aneurysm + 2 bypasses + VSD + MVR 
Anterior resection + MVR + 1 bypass 
Anterior resection + MVR + 3 bypasses 


Postoperative deaths 
Anterior resection + MVR + 2 bypasses 


Anterior resection + 2 bypasses 

Anterior resection + AVR 

Anterior resection + MVR + AVR + 1 bypass 
Anterior resection + 1 bypass 

Anterior resection of acute infarction 
Anterior resection 


Myocardial failure 

Coronary embolus, myocardial failure | 
Myocardial failure 

Preoperative global infarction 


Air embolus 

Myocardial infarction 

Myocardial failure 

Cardiogenic shock 

Myocardial infarction, arrhythmia 
Cardiogenic shock, myocardial infarction 
Cardiogenic shock 
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MVR = Mitral valve replacement; AVR = aortic valve replacement. 
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Table 8. Functional Improvement (NYHA Class) in 
39 Survivors following Left Ventricular Wall 
Resection 


No. of 
Improvement Patients % 
Improved 1 class 34 87 
Improved 2 classes 18 46 
Improved 3 classes 6 15 





and associated arrhythmias. One patient died 
during a second operation three years later for 
progression of disease. Thus, in five years 21 
(42%) of the original group had died. 

Improvement in 39 survivors was judged ac- 
cording to the New York Heart Association 
Functional Classification (Table 8). Significant 
symptomatic improvement occurred in 34 (87 %) 
of the survivors. Postoperative hemodynamic 
assessment in 10 patients is presented in the 
Figure. 


Comment | 


Patients with significant ventricular wall dys- 
function have a complex mixture of pathological 


Postoperative hemodynamic studies in 10 patients. 
Ejection fraction and end-systolic volumes revealed 
consistent improvement that correlated well with 
clinical changes. (SVI — stroke volume index; EDV 
= end-diastolic volume; ESV = end-systolic volume; 
EF = ejection fraction; LVEDP = left ventricular 
end-diastolic pressure; CI = cardiac index.) 
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and surgical conditions that vary in their acces- 
sibility and suitability for repair. The classifica- 
tion of a lesion as an aneurysm or an akinetic 
segment is arbitrary and is based on the pres- 
ence or absence of a saclike lesion with paradox- 
ing motions and with distinct margins. Our 
experience indicates that an aneurysm is com- 
posed of thin fibrous tissue, and an akinetic 
segment has a thicker wall composed of variably 
scarred muscle that does not contract. At times 
the differentiation by ventriculography is im- 
possible. There is no difference in surgical re- 
sults, and therefore indications for operation 
should be based on the limits imposed by the 
hemodynamic variables and the associated 
coronary, valvular, and septal problems. In pa- 
tients who have large, dilated hearts with dis- 
tinct aneurysms, it may be difficult or even im- 
possible to differentiate segmental versus global 
problems of contraction because the wall ten- 
sion, as dictated by the law of Laplace (T= R x 
P), may be extremely high. Criteria for inopera- 
bility cannot be defined from this study because 
many of the patients who had very poor ven- 
tricular function as defined by hemodynamic 
measurements and ventriculography did well if 
the problem was localized anteriorly and api- 
cally, and if resection was combined with vein 
bypasses. Electrocardiographic localization of 
previous and current infarcts was often helpful 
in localizing the scarred segment. Echocardiog- 
raphy will undoubtedly offer additional infor- 
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mation on the contractility and motion of parts 
of the left ventricle. High risk existed when the 
whole posterior wall was replaced by scar or 


when mitral or aortic valve disease was present ^ 


in addition to the wall dysfunction and coronary 
disease. Our experience with extensive poste- 
rior wall destruction is limited to 2 patients, and 
both were treated before balloon counterpulsa- 
tion was available. However, myocardial loss 
was so extensive that it probably precluded im- 
provement of function. Significant mitral valve 
insufficiency is usually present in these cases. It 
is not fully apparent why there is a high risk 
associated with valve replacement in addition to 
wall resection and coronary bypass. The only 
patient who survived the combined procedure 
underwent ventricular wall resection and re- 
placement of the tricuspid valve. Patients who 
underwent mitral and aortic valve replacement 
in addition to resection and bypass did not sur- 
vive the operation, although 2 of them died be- 
cause of air and coronary emboli. Other patients 
with associated mitral valve incompetence 
(0-2+) who were not subjected to valve re- 
placement did survive but had limited exercise 
tolerance and in some cases remained in conges- 
tive failure. 

The intraaortic balloon has played an impor- 
tant role in the support and salvage of this group 
of patients. We believeitis animportant adjunct 
for preventing low-output states and for avoid- 
ing the use of potent inotropic and vasocon- 
strictive agents in the first 48 postoperative 
hours. Our confidence in the usefulness of cir- 
culatory support in this group of patients is 
shown by the use of the intraaortic balloon in 36 
patients, although it was used prophylactically 
in the majority. The circulatory support may also 
maintain vein graft patency by increasing flow 
rates. 

Justification for performing surgery in this 
group of patients must be based on the natural 
history of the disease and upon the improve- 
ment noted in the survivors. Schlichter and co- 
workers [8] studied 102 patients with aneurysm 


and found that 73% died within three years and ~ 
88% within five years, usually from congestive 
failure, recurrent myocardial infarctions, or sys- 
temic embolization. Pells and D'Alonzo [7]: 

found that the five-year survival was 24% in‘ '' 
patients with postinfarction aneurysm’ Versus 
74% for patients surviving an acute myocardial 
infarction. The hemodynamic sequelae of 


adynamic segments are similar to .those of: - 


aneurysms if enough ventricular wall is inacti- 
vated by a pathological process [3, 5]. It is fortu- 
nate that most ventricular aneurysms and 
adynamic segments occur anteriorly and api- 
cally as a result of disease of the left anterior 
descending coronary artery [7] since these loca- 
tions are associated with the best results and 
lowest mortality when combined with bypass. 
Present evidence indicates that survivors are 
hemodynamically and functionally improved 
over their medically treated counterparts, 
though comparable survival rates at the three- 
and five-year level are not available yet. 
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The Subxiphoid Approach in 


the Treatment of Pericardial Effusion 


ABSTRACT Subxiphoid pericardiotomy for diag- 
nosis and treatment of pericardial effusion is a safe 
procedure. Not only does it appear to be safer than 
aspiration, but it yields more information because of 
its ability to obtain pericardial tissue. The recurrence 
rate of pericardial effusion is lower using subxiphoid 
pericardiotomy. For these reasons it is the technique 
of choice for diagnosis and treatment of nontraumatic 
pericardial effusion. 


A subxiphoid opening of the pericardial cavity 
made by resection of a small pericardial segment 
produces efficient drainage of intrapericardial 
fluid. This advantageously replaces both peri- 
cardial needle aspiration and transthoracic 
open pericardiotomy for diagnosis and treat- 
ment of pericardial effusion. 

The morbidity and mortality associated with 
the subxiphoid approach have, in our hands, 
been very low. This approach avoids both the 
element of blindness in needle aspiration and, 
since it can be done under local anesthesia, the 
adverse effects of general anesthesia in patients 
with cardiac tamponade. 


Material and Methods 


From January, 1968, to December, 1975, 90 pa- 
tients with nontraumatic pericardial effusion 
were treated at this hospital. The subjects of this 
report are 46 patients treated using the sub- 
xiphoid approach. We used the procedure de- 
scribed by Fontenelle and colleagues [2] with 
removal of the xiphoid process. We have tried 
leaving the xiphoid in place, but have found that 
its removal markedly improves access to the peri- 
cardium. Xylocaine (0.596) is used for anesthe- 
sia, first subcutaneously along each costal mar- 
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gin and over the lower sternum, and then along 
and behind the fused ribs on each side to ensure 
blocking of the intercostal nerves. Finally, the 
periosteum at the xiphisternal junction is anes- 
thetized. A midline incision is made from the 
xiphisternal junction to 10 cm below the tip of 
the xiphoid, and the linea alba is divided (Fig- 
ure). A plane is developed behind the xiphoid 
(extra anesthesia may be needed if the intercos- 
tal blocks have not been effective), and the 
xiphoid is then lifted anteriorly while it is sepa- 
rated from the rectus sheath on each side. The 
xiphisternal joint may be fractured, or it may be 
cut with scissors or various rib shears. Using a 
gauze sponge to aid traction, the assistant de- 
presses the diaphragm. It may be necessary at 
the same time to lift the sternum. Fat must be 
dissected away until the pericardium appears as 
a fibrous membrane. It is grasped with a fine- 
toothed forceps and incised, allowing the fluid 
to escape. À 4 X 4 cm segment is removed. 
(There were two recurrences of effusion earlier 
when a 2 X 2 cm portion was being resected. 
There have been none since the larger portions 
have been taken.) A right-angled tube is placed 
through a separate stab wound to drain the 
pericardium by gravity, but only for one or two 
days. The pericardium is sent for culture and 
histological studies and the fluid for culture, 
chemistry values, and cytological studies. AII of 
our patients had significant hemodynamic im- 
pairment, with an average preoperative central 
venous pressure of 250 mm H:O. The causes of 
the effusion in this series of 46 patients are pre- 
sented in Table 1. In 2 patients with suspected 
malignancy, a Goldberg mediastinoscope was 
introduced through the pericardiotomy in 
order to locate and accurately biopsy the 
pericardial implants. 

Preoperative studies included chest roent- 
genograms, heart blood pool scan, central ve- 
nous pressure measurements, and, lately, 
echocardiograms. Clinical and laboratory evalu- 


468 ThesAnnals of Thoracic Surgery Vol 23 No 5 May 1977 


+ 
TA 
ny 


E 





ta, A 
VA m 
44 Zr ' 





The skin and the linea alba are incised (A). After 
excising or lifting the xiphoid the diaphragm is 
dissected bluntly away from the sternum. This 
permits easy access to the pericardium (B). 
(Drawings by Lew Sadler, Department of Medical 
and Biological Illustration, University of Michigan, 
Ann Arbor, MI.) 
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ation was also conducted routinely. One error in 
diagnosis not included in this series was pro- 
duced by improper interpretation of an 
echocardiogram; an alleged fluid collection was 
not confirmed at operation. 


Table 1. Causes of Effusion in 46 Patients 


‘Cause No. of Patients 
Uremia 31 
Malignancy 


Nonspecific inflammation 
Purulent Hemophilus pericarditis 
Sarcoidosis 

Congestive heart failure 
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Results 
Table 2 shows that good results were obtained in 
44 of our 46 patients. By this we mean that the 
effusion was drained and did not recur and that 
the hemodynamic disorder of tamponade was 
relieved. Two patients had to be reoperated on 
because of reaccumulation of effusion. In both 
cases uremic pericarditis was the cause of the 
effusion. One was reoperated on the second 
postoperative day. He originally had an effusion 
of 400 ml, and on reoperation another 320 ml was 
found. The second patient was reoperated one 
week after the original procedure; in this patient 
also fluid had reaccumulated. In these 2 patients 
insufficient opening of the pericardium ap- 
peared to be the reason for the recurrence. This 
experience raises the question of whether a 
transpleural approach with creation of a 
pleuropericardial window, instead of a sub- 
cutaneous pericardial window, would be pref- 
erable in uremic patients. The earlier arguments 
voiced in favor of the subxiphoid approach 
apply as forcefully to uremic patients as to 
others, and it therefore appears reasonable to 
accept a 696 recurrence rate and, indeed, to try to 
avoid it by the widest possible resection of 
pericardium. , 


Comment 

Subxiphoid open drainage of the pericardium 
through resection of a.sizable pericardial seg- 
ment and creation of a window was advocated in 
1829 by Larrey [4]. Other authors since then 
have used this procedure with good results [1, 2, 


5, 6]. There are, however, limitations in the in- 
dications for this technique. A clear contraindi- 
cation exists when there is a strong suspicion 
of adhesions between pericardium and epicar- 
dium, as occurs in chronic tuberculous pericar- 
ditis. In this and similar cases, a transthoracic 
route should probably be elected. 

The same reservations apply to constrictive 
pericarditis. In this circumstance a large seg- 
ment of pericardium has to be removed in order 
to permit proper resumption of normal ventricu- 
lar function, and the subxiphoid approach 
would not permit the wide exposure necessary 
for this procedure. 

The morbidity and dangers of needle aspira- 
tion of the pericardial cavity are real. These risks 
are compounded when it is necessary to repeat 
the aspiration several times due to reaccumula- 
tion of fluid. This has already been documented 
by Weinberg and associates [8] in 1958 and by 
Cassel and Cullum [1] in 1967. More recently, 
Morin and co-workers [4a] reported that 9 pa- 
tients in whom they performed pericardicen- 
tesis experienced only temporary relief. As 
thoracic surgeons, we have been called on 4 oc- 
casions to attempt to treat patients who have 
suffered complications from needle aspiration. 
Variations in the anatomy of the chest wall, 
diaphragm, and pericardium, which we have 
repeatedly observed during open exposure of 
the pericardium, explain very easily why, at 
times, laceration of the heart will occur. The 
resistance to the motion of the needle is at the 
chest wall level. The need for delicacy of touch is 
at the epicardial level, and a special problem is 
provided by patients with pericardial effusion 
caused by collagen disease or some form of car- 
ditis: their epicardium and myocardium appear 
softer and more friable than normal. In 2 such - 
cases in our experience, the right coronary artery 
and right ventricle, respectively, were lacerated, 
with sudden increase in the tamponade compli- 
cated by intractable arrhythmias and cessation 
of effective circulation. The lacerations were 
controlled and cardiac action was restored, but 
both patients ultimately died of brain damage. 
Clearly, many pericardial effusions can be aspi- 
rated without cardiac injury, but there would 
seem to be little point in pursuing this approach 
if there is a safer alternative. 
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Table 2. Results of Subxiphoid Pericardial Window 


Author No. of Patients 
Cassel and Cullum [1] 7 
Schlein et al [6] 7 
Fontenelle et al [2] “17 
Ribot;et al [5] .25 
Present series : 46 
Total 102 


Deaths Reaccumulation 
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Pericardial aspiration has also been advocated 
as an approach to traumatic pericardial tam- 
ponade. We have not practiced this approach 
because, particularly in these patients, the vol- 
ume of blood producing tamponade may be 
quite small and the space available for the 
exploring needle between the epicardium and 
pericardium very narrow. In addition, there is 
the obvious fact that in most patients with tam- 
ponade there is at least one, and perhaps more 
than one, site of continued bleeding that must 
be closed. Under these circumstances the con- 
servative, safe approach is immediate operation 
rather than aspiration and observation. The re- 
sults of this policy were previously reported [7]. 
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HOW TO DO IT 


A Technique to Narrow the 
= Lumen of a Waterston Anastomosis 


_ scott Stewart, M.D. 


ABSTRACT A technique is described for narrowing 


^. , the Waterston anastomosis by placing a horizontal 
. . «Mattress suture buttressed with felt pledgets through 


the ‘aortic wall at the cephalad side of the anas- 
tomosis. This maneuver produces a slight but safe 
narrowing of the anastomotic lumen. 


The Waterston anastomosis is subject to several 
postoperative complications. Among the early 


 .*shunt-related problems has been an anas- 


tomosis of excessive size resulting in both car- 


-diac and pulmonary dysfunction. Narrowing of 


a previously constructed anastomosis can result 
in shunt closure or irreparable vascular injury. 

We have had occasion to narrow a Waterston 
anastomosis in 2 neonates. In the first, reopera- 
tion was necessary several days after the initial 
procedure, and in the second it was done at the 
time of the initial operation. Narrowing of the 
anastomosis in each instance was achieved by 
placing a horizontal mattress suture buttressed 
with felt pledgets through the aortic wall at the 
cephalad side of the anastomosis (Figure). This 
maneuver produced slight but significant and 
safe narrowing of the anastomotic lumen. Su- 
tures placed through the smaller and more fri- 
able pulmonary artery are much more likely to 
occlude the shunt or tear through the vessel wall, 
with disastrous consequences. 
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(A) A horizontal mattress suture with felt pledgets is 
placed through the cephalad side of the anastomosis. 
(B) The suture is tied, narrowing the anastomosis. (C) 
The narrowing effect of thesuture is shown. 


A Better Surgical 


Technique for Repairing Pulmonary 


Arteries after Banding 


Guillermo C. Dacumos, M.D., Jay M. Levy, M.D., 


and Donald R. Kahn, M.D. 


ABSTRACT A technique is presented to eliminate 
the residual gradient more completely after removing 
the main pulmonary band at the time of primary 
repair of ventricular septal defect. The band and un- 
derlying pulmonary artery are circumferentially ex- 
cised, except for a small posterior part, and the pul- 
monary artery is reanastomosed. 


In 1952 Muller and Dammann [6] carried out 
pulmonary banding as a palliative procedure for 
relieving excessive pulmonary blood flow and 
pulmonary hypertension. Since then, secondary 
changes involving the pulmonary artery [1], 
pulmonic valves [4], and infundibulum [5] have 
been reported. The most significant of these 
changes is stenosis and fibrosis of the pulmonary 
artery secondary to the band, followed by sec- 
ondary infundibular stenosis and hypertrophy. 
The usual procedure for subsequent repair of the 
ventricular septal defect consisted of patch clo- 
sure of the defect and roof patch repair of the 
pulmonary artery stenosis, with or without in- 
fundibular resection. Complications and deaths 
have resulted from inadequate repair of one or 
more of these abnormalities. 

Morrow and Braunwald [5] reported 2 fatal 
cases attributed to residual infundibular ob- 
struction following repair of ventricular sep- 
tal defect and pulmonary banding. Hunt and 
associates [4] reported 2 patients in whom the 
pulmonary artery was patched and outflow gra- 
dients of 60 and 30 mm Hg, respectively, were 
measured in the area of the patched pulmonary 
artery. In another patient with a 30 mm Hg gra- 
dient across the valve and band site postopera- 
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tively, a gradient as high as 50 mm Hg was- ^ 
measured after exercise. Dobell and his col- 
leagues [3] reoperated on 4 patients to close a 
residual ventricular defect, and enlarged the re- 
stenosed pulmonary artery. The average gra- 
dient reported in these 4 patients was 45 mm Hg. 
The anterior wall had to be excised and the pul- - 
monary artery reconstructed with interrupted 
stitches in 1 patient with dense scarring at the 
band site. 

At the University of Wisconsin Hospitals, 14 
patients having ventricular septal defects with 
pulmonary banding in infancy were referred or 
readmitted for repair of the defects. The children 
had complaints of decreased exercise tolerance, 
mild cyanosis, or progressive right ventricular 
hypertrophy. On cardiac recatheterization all 
had significant gradients across the pulmonary 
artery band site. The first 5 patients underwent 
closure of the ventricular septal defect, removal 
of the band, and patching of the pulmonary ar- 
tery with pericardium. Immediately postopera- 
tively, residual gradients across the repaired 
pulmonary artery ranged from 5 to 60 mm Hg, 
with most being 20 to 30 mm Hg. We were con- 
cerned about the fibrostenotic vessel not grow- 
ing and about the fact that the pericardium 
shrinks, increasing the chance of pulmonary ar- 
tery restenosis. This prompted us to modify our 
approach to the pulmonary artery band site in 
the subsequent 9 patients. 


Technique 


The ventricular septal defect is closed transven- 
tricularly and the infundibular muscles and 
bands are resected, if present. The stenosis at 
the band site is excised circumferentially, except 
for a small posterior ridge, to keep the cut ends 
from drifting apart. The pulmonary artery is 
then approximated with running sutures of 6-0 
Prolene (Figure). Davis and associates [2] had 
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(A) The right ventriculotomy is closed and the pul- 
monary artery is banded. (B) The banded segment 
of the pulmonary artery is excised. (C) A small 
posterior segment of the pulmonary artery is left. 
(D) The main pulmonary artery is reanastomosed. 


previously reported this procedure in 10 pa- 
tients whose bands could not be separated from 
the pulmonary artery because of severe adhe- 
sions. Ideally, one may repair the pulmonary 
artery with interrupted stitches as one does the 
repair of coarctation of the aorta in infancy. Of 
the 9 patients who had repair with this tech- 
nique, 2 had a residual gradient of 10 mm Hg 
and the remainder had no gradient. 


Comment 


We think this method is a better way of handling 
the ventricular septal defect and main pulmo- 
nary artery bands because it eliminates most of 
the gradient, decreases the chances for re- 
stenosis at the band site, and probably allows for 
the pulmonary artery to increase in size as the 
child grows. 
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An Improved Technique 


for Coronary Vascular Anastomosis 


Bernard L. Huang, M.D., Richard H. S. Moon, M.D., Philip A. Faraci, M.D., 
Benedict D. T. Daly, M.D., and Irving M. Madoff, M.D. 


ABSTRACT A vein holder is described that is used 
for anastomosis of both ends of aortocoronary bypass 
grafts. It minimizes handling of the graft, ensures 
precision in placing sutures with excellent visualiza- 
tion, and provides maximum patency at the anas- 
tomotic sites. 


The extensive experience with aortocoronary 
bypass over the past several vears has led to 
many new ideas to facilitate the technical per- 
formance of this procedure. We have developed 
a type of vascular anastomosis that minimizes 
trauma to the endothelial surfaces and provides 
an optimal outflow tract. The essential feature of 
the technique involves placement of a single, 
continuous, double-armed running suture at 
the heel of the anastomosis prior to seating the 
graft; the entire suture line is then completed 
with only one knot, located at the broadest por- 
tion of one side. The technique is based upon 
the design of a vein holder* with a hollow- 
beveled tip with which the graft is held while 
the initial portion of the anastomosis is accom- 
plished (Fig 1). 

The end of the graft is cut and tailored to 
the desired size and shape. After the vein holder 
has been introduced, a single suture is placed 
through the apex of the graft and tied to a hook 
or a fixed point on its posterior aspect. The hol- 
low bevel of the holder provides easy exposure 
of the heel of the graft (Fig 2). The anastomosis is 
begun by placing an everting mattress suture of 
double-armed 6-0 or 7-0 Prolene at the 4-o'clock 
position; then a running suture is placed around 
the angle at the heel to the8-o'clock position (Fig 
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3). The graft is seated by traction on both ends of 
the suture, and then the vein holder is removed. 
Anastomosis is completed by running one end 
of the suture around the apex of the graft and 
tying at the midpoint of the opposite side. 

We have found that this technique minimizes 
handling of the graft and the native vessel with 
forceps or by hand and provides optimal visu- 
alization of both orifices at the most difficult 
angle of the anastomosis. It virtually eliminates 
anastomotic leaks. The even distribution of ten- 
sion over a broad surface while the graft is being 
seated reduces the likelihood of vascular tear- 
ing. It avoids the necessity of a knot at the 
heel or apex of the anastomosis, thus preserving 
maximum caliber of the outflow orifices at both 
ends of the anastomosis. This technique has 
been applied at both ends of aortocoronary 
bypass grafts as well as at the intermediate anas- 
tomosis in sequential grafts, where it greatly 
facilitates exposure. 

This method has been used successfully in 
more than 200 consecutive coronary anastomotic 
procedures. It has also been applied in femoro- 
popliteal bypass procedures, in arteriovenous 


. fistula for hemodialysis, and in renovascular 


anastomosis for hypertension. In addition to 
the advantages mentioned previously, this 
technique reduces the time required for an anas- 
tomosis, thus diminishing the likelihood of 
complications. 
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Fig 1. Huang vein holder. 





Fig 2. Vein holder with heel of graft in position for 
anastomosis. 





Fig 3. (A) Method of suture placement between vein 
on holder and aorta. (B) Suture placement between 
vein and coronary artery. (C) Detail of suture 
placement. 


An Alternative Method of 


Left Ventricular Decompression during 


Aortocoronary Bypass 


Frank J. Bolgan, M.D., Anthony J. Federico, M.D., 


and Ross L. Guarino, M.D. 


ABSTRACT A method is described that allows de- 
compression of the left ventricle without the neces- 
sity of inserting a cannula into the cardiac chambers. 
The left ventricle may be completely decompressed 
through the vein grafts attached to the aortic root 
opened to the pericardial sac. 


The desirability of decompressing the left ven- 
tricle during performance of the distal anas- 
tomoses in aortocoronary bypass surgery is well 
established [3]. It is especially useful when the 
graft is being anastomosed to branches of the 
circumflex coronary artery [2]. A completely 
empty and flaccid left ventricle reduces the tech- 
nical problems in performing these anastomoses 
[1]. 

The usual methods of decompressing the left 
ventricle involve direct cannulation of the left 
ventricle through the apex or indirect cannula- 
tion, usually through the superior pulmonary 
vein [7]. Each of these methods can, at times, 
cause intraoperative complications and also 
may result in postoperative problems such as 
hemorrhage, apical infarction, or apical dys- 
kinesia [4, 6]. The following method of decom- 
pressing the left ventricle avoids these potential 
problems. 


Technique 


The patient is heparinized and cannulation is 
carried out in preparation for cardiopulmonary 
bypass. Before bypass is started, a tangential 
clamp is placed on the ascending aorta. Two 
buttons of aortic wall are removed with a 
medium-sized bone rongeur. Two reversed 
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segments of saphenous vein are then sutured 
end-to-side to the ascending aorta. 

After completing these anastomoses, car- 
diopulmonary bypass is instituted. In order to 
minimize the accumulation of blood in the left 
ventricle arising from the pulmonary circuit, 
tapes may be passed around the superior and 
inferior venae cavae and secured. The patient is 
cooled to 30°C, and the aorta is then cross- 
clamped. The heart is fibrillated, the fibrillating 
wire is then removed, and the left ventricle is 
decompressed through the open grafts bleeding 
into the pericardial sac. Blood is returned to the 
pump through the coronary sucker. One of the 
vein grafts is occluded with an atraumatic 
clamp, and the distal anastomosis is then made 
to the circumflex coronary artery. 

The ventricle continues to be decompressed 
through the proximal aorta by way of the second 
graft. After completion of the distal anas- 
tomoses, the aortic cross-clamp is removed. 
Spontaneous normal rhythm usually resumes. If 
ventricular fibrillation persists, defibrillation is 
carried out immediately. 

Further ventricular decompression may not 
be necessary for grafts to the diagonal, anterior 
descending, posterior descending, or right 
coronary artery. However, if three or more grafts 
are contemplated and further decompression is 
desirable [5], then the additional vein is anas- 
tomosed to the ascending aorta and the ventricle 
decompressed through the additional graft, 
using the procedure outlined above. 

In the last 200 operations we have performed 
using this technique, there have been no opera- 
tive complications; we have found the use of this 
technique to be totally satisfactory. 
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Radiolucent Retractor 


for Operative Coronary Angiography 


John J. Collins, Jr., M.D. 


ABSTRACT A new retractor has been designed for 
sternal separation during cardiac operations. This re- 
tractor has the advantage of radiolucent blades that 
allow visualization of the entire heart by roentgeno- 
graphic techniques without compromise of surgical 
exposure during the course of operation. The retrac- 
tor also has swivel blades that provide excellent con- 
formity to the sternal edges without pressure points, 
which tend to produce fractures. 


Recent advances in roentgenographic equip- 
ment and techniques have allowed introduction 
of operative cineangiography for evaluation of 
the coronary arterial circulation. There are obvi- 
ous potential advantages in this capability for 
evaluation of coronary revascularization and for 
diagnosis under emergency conditions. Because 
of the configuration and the metal construction 
of conventional sternal and chest retractors, a 
significant portion of the heart is obscured with 
the retractor in place. Some surgeons have 
solved this problem by removing the retractor 
during angiography, but this approach may be 
hazardous and certainly is inconvenient, par- 
ticularly when the patient is on cardiopulmo- 
nary bypass during the study. 

To safely accommodate this valuable new 
roentgenographic technique, a sternal retractor* 
has been designed to provide intraoperative 
sternal separation with radiolucent blades. The 
device is shown in Figure 1. Blades are specially 
constructed of Teflon and are disposable. The 
blades are attached to the vertical spreading bars 
by a swivel pin in any of three positions. The 
length of the spreading bars and arrangement of 
attachment locations are designed to allow the 
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retractor to be comfortably positioned with the 
crossbar above or below the operative field. The 
swivel capability of the blades allows them to 
conform to the eccentric dimensions of the 
spread sternal halves, with elimination of local 
pressure points and decreased likelihood of 
transverse sternal fracture. The vertical arms are 
offset to provide space for placement of pericar- 
dial drainage tubes or egress of pacing wires and 
monitoring lines without removal of the retrac- 
tor when the device is used with the horizontal 
bar below the incision. 

Figure 2 illustrates the radiolucency character- 
istics of the retractor blades. The roentgeno- 
grams show the degree of lucency obtainable 
with various roentgenographic techniques. 
Coronary angiography is usually performed 
with the technique shown on the right of Figure 
2,5 ma at 70 kv. The blades are entirely lucent at 
this exposure. 

Initial clinical experience with the mechanical 
performance of the retractor was so satisfactory 
that metal blades were designed for use in oper- 
ations in which angiography is not indicated, as 
in valve replacement. A special snap pin quickly 
and easily attaches the blades firmly while al- 
lowing full swivel motion. 
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Fig 1. Sternal retractor with radiolucent Teflon 
blades attached. Note three available blade 


attachment locations. 
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Fig 2. Roentgenograms of the retractor with Teflon 
blades demonstrate total radiolucency with the 
technique used for coronary angiography. (Further 
explanation in text.) 





An Improved Introducer for the 
Sutureless Myocardial Pacemaker Lead 


Gerald M. Lawrie, M.D., George C. Morris, Jr., M.D., 


and Michael E. DeBakey, M.D. 


ABSTRACT Although the sutureless myocardial 
pacemaker lead has proved a useful advance, the 
introducer supplied with it has had the disadvantages 
of requiring bimanual operation, creating forces di- 
rected toward the myocardium, and producing re- 
lease of the lead head in a rotating motion. An im- 
proved introducer, described here, has overcome 
these problems and has further simplified the appli- 
cation of this useful device. 


Since its introduction by Hunter and co-workers 
[2], the sutureless myocardial pacemaker lead 
has been used widely, and many reports [1, 3-6] 
have confirmed that the sutureless lead is a sim- 
ple, reliable, and safe electrode for myocardial 
pacing. The lack of need for sutures has led to the 
greater use of limited mediastinal approaches to 
the heart. This has reduced the operative mortal- 
ity of myocardial pacing to a level comparable to 
that of transvenous pacing [3-6]. 

However, the lead introducer supplied with 
the lead by the manufacturer* has been less 
satisfactory in clinical practice. Therefore we 
have developed an introducer that has further 
facilitated the use of the sutureless lead. The 
introducer can be made by modification of the 
standard introducer supplied with the suture- 
less lead. 

The stylet is modified by removal of portions 
of its spine to create three notches (Fig 1 a-c). 
Notches a and b provide spaces for segmental 
insertion of the lead into the groove running the 
length of the introducer (see Fig 3). Note that 
notch a is slightly shallower than b. Notch c is 
used to align the stylet in the introducer when 
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loading the lead. The pointed end of the stylet is 
modified, as shown in Figures 1 and 2A, to pro- 
vide a square-ended cylinder that will eject the 
lead head from the introducer. 

The introducer itself is modified by removing 
portions of the curved shoulders that receive 
the lead head. As shown in Figures 1d and 2B, 
this is done on the grooved side of the intro- 
ducer only. This modification, in combination 
with the square end of the stylet, releases the 
myocardial lead head in the direction of thelong 
axis of the introducer. 

Removal of a small amount of the edges of the 
long groove that receives the lead, as shown in 
Figure 2C, reduces the pressure required on the 
stylet to release the lead. Scoring the introducer 
as in Figure le improves traction during lead 
ejection. 

In order to load the lead into the introducer, 
the lead head is inserted in the grooved end of 
the introducer, and the first part of the lead is 
pressed firmly into its slot along the handle fora 
distance of 3 cm. The stylet is then introduced so 
that the locating notch is level with the end of 
the introducer. The lead is then inserted into 
notches a and b so that the loaded introducer, 
now ready for use, resembles Figure 3. 

The lead head is inserted into the myocardium 
in the usual way, applying three and a half to 
four turns. Then, with the introducer held be- 
tween the index and middle fingers over its 
scored portion, the lead can be released com- 
pletely in one action by employing the thumb of 
the same hand to press the stylet into the intro- 
ducer. This single action causes release of both 
the lead and the lead head in a single, smooth 
sequence. 


Comment 

The chief disadvantage of the original intro- 
ducer is that it requires bimanual operation: one 
hand steadies the introducer and the attached 
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Fig 1. Scale diagram of stylet (top) and lead handle 
(bottom), showing (a, b) slots to receive lead; (c) 
alignment slot; (d) area removed from shoulders of 
lead handle; and (e)scoring to improve traction. 
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Fig 3. Handle loaded, ready for use. Note small size of 
the loop of lead from the lead head to the handle and 
the position of the alignment slot (cf Fig 10). 


Fig 2. Details of modifications: (A) end of stylet, 
showing squared end of cylinder to eject lead head; 
(B) area of shoulders removed to allow linear release 
of lead head; (C) small portion of shoulders of long 
slotremoved to reduce force required to release the 
lead. 
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lead head in relation to the heart, while the other 
is used to. pass the stylet. This is a significant 
disadvantage when a limited mediastinal ap- 
proach has been employed, since limited access 
is provided and some traction on the heart may 
be required for optimal exposure. Furthermore, 
passage of the stylet along the whole length of 
the introducer creates a sustained and substan- 
tial force directed toward the heart; this force 
must be resisted by the hand steadying the in- 
troducer. Finally, it has been observed that sep- 
aration of the lead head from the original intro- 
ducer occurs with a rotating, rather than linear, 
motion. In clinical use this tends to displace the 
platinum spiral of the lead head within the 
myocardium, at right angles to the long axis of 
the introducer. This unnecessary motion could 
conceivably cause myocardial trauma at the lead 
tip, with subsequent fibrosis and threshold rise. 

Extensive clinical experience has shown that 
the device described here has largely overcome 
these objections and has simplified insertion of 


the sutureless myocardial lead. We consider the 
reduction in forces directed toward the heart 
during lead release and the direct linear release 
of the lead head without acute angulation to be 
further significant advantages of this device. 
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CASE REPORT 


Posterior Rupture of the 


Interventricular Septum after Acute Myocardial 
Infarction: Successful Early Surgical Repair 


Jean-Claude Kahn, M.D., Michel Rigaud, 


M.D., 


Iradj Gandjbakhch, M.D., 


Jean Bardet, M.D., Julien Bensaid, M.D., and Jean-Pierre Bourdarias, M.D. 


ABSTRACT A patient with a large posterior ven- 
tricular septal defect complicating an acute inferior 
myocardial infarction is reported. Because of medi- 
cally intractable biventricular failure, temporary cir- 
culatory assistance was initiated using intraaortic bal- 
loon pumping. Emergency coronary angiography, 
ventriculography, and subsequent operation were 
carried out. Operative repair involved closure of the 
septal defect with the use of a Dacron patch, infarctec- 
tomy, and aortocoronary bypass grafting and resulted 
in long-term survival of the patient. 


When rupture of the interventricular septum 
complicates an acute myocardial infarction, 
there is usually profound deterioration and 
death. Approximately 25% of the patients die 
within the first day, 50 to 65% within the first 
week, 80 to 90% during the first two months [17, 
21], and 93% during the first year [20]. An opera- 
tive repair was done by Cooley and colleagues 
[6] in 1957; many more recent examples of opera- 
tive repair have been reported [1, 2, 8, 14]. Sub- 
sequently it has appeared clear that survival is 
related to the interval between the acute myo- 
cardial infarction and operation [15]. Surgery is 
considerably more successful and myocardial 
tissue more suitable for repair in those 10 to 15% 
of patients who have sufficient myocardial re- 
serve or a shunt small enough to permit survival 
for more than a month [15, 16]. However, since 
50% of patients with an acute myocardial infarc- 
tion complicated by a ventricular septal defect 
(VSD) die within a week, a more effective early 
approach is necessary. 
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Recently, circulatory assistance has been used 
preoperatively and postoperatively in the man- 
agement of patients with VSD who are in car- 
diogenic shock, and more favorable results have 
been reported [3, 4, 11]. In contrast to pressor 
and inotropic agents, intraaortic balloon pump- 
ing (IABP) can improve left ventricular function 
by reducing afterload and increasing diastolic 
coronary artery pressure [11, 18]. However, 
practically all of the successfully operated pa- 
tients had an anterior VSD. By contrast, repair of 
posterior VSD has been reported far less fre- 
quently [7, 9, 12]. This report describes a patient 
with posterior rupture of the infarcted interven- 
tricular septum in whom medically intractable 
heart failure required temporary circulatory as- 
sistance and emergency surgical closure. 


A 51-year-old man entered a local hospital on 
July 25, 1975, with an acute inferior myocardial 
infarction and pulmonary edema. The patient 
underwent right heart catheterization; a left-to- 
right shunt was demonstrated at the right ven- 
tricular level (Table). Although the initial hospi- 
tal course was satisfactory, on the third hospital 
day dyspnea became more pronounced, and 
moist rales were heard bilaterally over more 
than half of both lung fields; there was poor 
response to digitalis and diuretics (furosemide, 
120 mg every 3 hours). 

The patient was transferred to the Ambroise 
Paré Hospital coronary care unit on July 28, 
1975. Because the patient exhibited persistent 
hypotension and reduced peripheral perfusion 
(as evidenced by decreased urine output and 
failure to respond to medical management), 
IABP was initiated on the fifth day after the 
septalrupture (tenth day after myocardial infarc- 
tion). The balloon* was inserted retrograde from 
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Preoperative and Postoperative Hemodynamic Data 
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Preoperative 
(July 28, 1975) 


Measurement 


Radial artery pressure (mm Hg) 


Postoperative 


Aug 8, 1975 Jan 23, 1976 


Systolic 100 

Diastolic 65 

Mean 75 T 
Mean pulmonary wedge pressure (mm Hg) 42 8 10 
Pulmonary artery pressure (mm Hg) 

Systolic 74 22 35 
_ Diastolic 38 8 14 

Mean 48 12 23 
Right ventricular pressure (mm Hg) 

Systolic 76 22 35 

End-diastolic 30 3 7 
Mean right atrial pressure (mm Hg) 25 3 5 
Pulmonary-to-systemic flow ratio 3.911 22521 1.6:1 





the femoral artery according to a technique pre- 
viously described [3]. After three hours of cir- 
culatory assistance, the pulmonary artery wedge 
pressure decreased from 28 to 20 mm Hg and 
urine output increased to 90 ml per hour. 

On the following day, once the patient's 
condition had stabilized, selective coronary 
arteriography was performed by Judkins' tech- 
nique while uninterrupted circulatory assis- 
tance was maintained. Left ventricular cinean- 
giography was also done in both 30-degree right 
and 60-degree left anterior oblique projections. 
Coronary angiography demonstrated total oc- 
clusion of the second segment of the right coro- 
nary artery and 8096 proximal stenosis of the left 
anterior descending artery with good peripheral 
runoff. The left circumflex artery had diffuse 
narrowing beyond the level of the marginal 
branch. In the left anterior oblique projection 
the left ventriculogram revealed a VSD in the 
lower posterior muscular septum with opacifica- 
tion of the right ventricle. In the right anterior 
oblique projection the posterobasal and inferior 
segments were akinetic, with normal wall mo- 
tion of the anterior and lateral segments and no 
mitral regurgitation. 

“On July 30, 1975, surgical repair was under- 
taken. The septal defect was exposed through a 
large left ventriculotomy in the infarcted area. 
The septal rupture involved the whole posterior 


septum from the apex area up to the atrioven- 
tricular annulus fibrosus. The defect was closed 
with a Dacron patch that measured 8 X 3 cm and 
was sewn on the left side of the septum. Infarct 
resection was also carried out, and the left ven- 
triculotomy was sutured with pledgets of Teflon 
felt. A saphenous vein graft was inserted into 
the left anterior descending coronary artery. 
When cardiopulmonary bypass was discon- 
tinued, the patient needed temporary inotropic 
support, but balloon assistance was not re- 
quired postoperatively. 

His postoperative course was uneventful, and 
all signs of cardiac failure disappeared within 
five days. Although a grade 1/6 systolic murmur 
was heard at the left lower sternal edge, the 
patient showed no evidence of heart failure and 
continued to do well. A month after operation he 
underwent right-heart catheterization, which 
demonstrated a small residual shunt with a 
pulmonary-to-systemic ratio of 1.5:1. The pa- 
tient was discharged on the twenty-eighth post- 
operative day and was given digoxin and small 
doses of diuretics. He felt fairly well during the 
next six months (and was back to full activity), 
and a second postoperative right heart cath- 
eterization showed that the minor left-to-right 
shunt remained unchanged. When the patient 
was last seen in November, 1976, he was asymp- 
tomatic. 


A 
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Comment 

Reports of attempted closure of a perforation of 
the posterior and inferior septum in patients 
with inferior infarction are rare [7, 9, 12]. 
Graham and associates [12] reported operative 
or immediate postoperative deaths in 6 of 7 pa- 
tients treated surgically for acute VSD after in- 
ferior myocardial infarction, while all 5 patients 
with anterior myocardial infarction survived. Of 
the 7 patients reported by Buckley and as- 
sociates [5], 2 with anterior VSD survived opera- 
tive repair, but in 3 attempted closure of inferior 
VSD was unsuccessful. In other series all the 
survivors had anterior perforations [3, 15]. 
However, recently Daggett and co-workers [9] 
used IABP to support 5 patients preoperatively 
in a series of 8 patients with inferior myocardial 
infarction and rupture of the septum. Operation 
resulted in closure of the VSD in 4 of the 8 pa- 
tients and long-term survival in 3. Crosby and 
associates [7] reported 3 patients with acute pos- 
terior ventricular aneurysm and VSD treated 
within a month of myocardial infarction by in- 
farctectomy, closure of the defect, coronary 
grafting, and, in 1, combined prosthetic mitral 
valve replacement. Two of these 3 patients were 
long-term survivors. 

Rupture of the interventricular septum more 
frequently occurs anteriorly than posteriorly [19, 
21-23]. Swithinbank [23] analyzed the site of 
ventricular septum perforation in 82 patients. In 
54 patients (66%) the rupture was in the lower 
apical portion of the ventricular septum, in 14 
(1796) it was in the posterior portion, in 11 (1396) 
it was in the middle portion, and in 3 (4%) it was 
in the superior portion. Unlike anterior VSDs, 
which are of relatively small size (especially 
those located in the apical area), posterior VSDs 
are usually large and may result in a true disin- 
sertion of the entire posterior septum. Such ex- 
tensive perforations result in a marked left-to- 
right shunt and extremely difficult surgical 
repair, requiring the use of a large prosthetic 
patch. Of the 11 patients reported by Normand 
and associates [19], 5 had posterior VSDs ex- 
tending 2 to 4 cm and all died within 10 days of 
myocardial infarction. Graham and co-workers 
[12] reported that the mean surface area of the 
rupture was 6 cm’ in posterior VSDs as com- 
pared with 3 cm? in anterior VSDs. In the series 


of Daggett and associates [9], the pulmonary- 
to-systemic flow ratio averaged 5:1. 

As emphasized by several studies [5, 7, 12], 
the extent of inferior infarction associated with 
septal rupture is frequently greater than would 
be expected from electrocardiographic data. In- 
farct involves not only the inferior wall of the left . 
ventricle but also the lower posterior septum 
and the inferior wall of the right ventricle. Ac- 
tual formation of a large biventricular posterior 
aneurysm was noted by Graham [12] and Crosby 
[7] and their associates. Both extensive necrosis 
and a large left-to-right shunt lead to biventricu- 
lar failure and shock. Associated mitral regurgi- 
tation secondary to ischemic changes or partial 
rupture of the posterior papillary muscle [5, 7, 9] 
may also contribute to the deterioration of car- 
diac function. Ischemic involvement of the pos- 
terior papillary muscle is frequently noted, since 
its blood supply depends almost exclusively on 
the distal branches of the right coronary artery 
(or sometimes branches of the circumflex ar- 
tery), and it is not as well supplied by collateral 
circulation as the anterior papillary muscle [10, 
13]. The possibility of associated mitral regurgi- 
tation should prompt analysis of the pulmonary 
wedge pressure curve for the presence of a v 
wave, and left ventriculography should be per- 
formed. Furthermore, ischemia of the anterior 
portion of the septum and of the anterior wall 
markedly curtails cardiac reserve [5, 7, 12, 15]. 
Aortocoronary bypass grafting for highly 
stenosed vessels supplying a relatively large 
amount of functional myocardium is critical to 
successful management. 

While IABP has been shown to induce dra- 
matic improvement in patients with VSD com- 
plicating acute myocardial infarction, these ben- 
eficial effects are only temporary [3, 9, 11]. 
However, by stabilizing the patient’s condition, 
IABP provides enough time to undertake the 
investigations necessary for identifying all the 
factors which compromise cardiac function. In 
these critically ill patients, it is important to act 
rapidly in instituting the procedure and in plan- 
ning mechanical cardiac assistance, catheteriza- 
tion, and operative repair of all anatomical le- 
sions. Although the operative technique using a 
right ventriculotomy has resulted in satisfactory 
closure of the septal defect [7, 14], the principle 
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of operating through a left ventriculotomy in the 
infarcted area appears essential to successful re- 


pair[4, 8, 9, 12, 15, 16]. 
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COLLECTIVE REVIEW 


Lung Preservation Techniques 


Luis H. Toledo-Pereyra, M.D., Ph.D., Toni Hau, M.D., 
Richard L. Simmons, M.D., and John S. Najarian, M.D. 


ABSTRACT Some of the barriers to successful lung 
transplantation include the lack of acceptable 
methods for ischemic protection and the absence of 
reliable systems for preservation. The lung response 
to 60 minutes of warm ischemia basically consists of 
alveolar-capillary edema and disruption, mitochon- 
dria swelling, interstitial hemorrhage, significantly 
depressed pulmonary function, elevation of pulmo- 
nary vascular resistance, and considerable drop in 
levels of glucose, phospholipids, and adenosine 
triphosphate. The tolerance to warm ischemia in- 
creases to several hours with the use of different 
systems of ventilatory assistance with or without 
positive end-expiratory pressure. Several methods of 
preservation have been attempted: hypothermia, 
hyperbaria, and hypothermic pulsatile or nonpul- 
satile perfusion. Hypothermic pulsatile perfusion 
appears to offer longer periods of protection than the 
other methods. Longer periods of ischemia and ex- 
tended preservation may be made possible by ad- 
vances in the use of drug protection during warm 
ischemia and the utilization of intracellular colloid or 
noncolloid solutions for hypothermic storage or 
hypothermic pulsatile perfusion. 


The overall poor results obtained after lung 
transplantation have diminished the en- 
thusiasm originally generated for this form of 
therapy. A recent review [60] of the accumulated 
experience with lung transplantation reflects the 
advances achieved in the last ten years, espe- 
cially the new surgical techniques and more pre- 
cise understanding of pulmonary physiology 
and immunology that might account for better 
lung transplant survival. 

some of the obstacles to successful lung trans- 
plantation include poor control of rejection and 
unreliable systems for lung preservation. In this 
paper we direct our attention to the study of all 
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available preservation systems and to determi- 
nation of better ways to preserve lung allografts. 

Ideally, a successfully preserved organ should 
be able to assume its full physiological and 
biochemical functions after transplantation and 
maintain its microscopical and ultramicroscopi- 
cal structure. Minor and reversible morpholog- 
ical changes may be tolerable as long as they do 
not interfere with organ function. When trans- 
plantation involves an organ for which an ex- 
tracorporeal support system is not available and 
the immediate function of which is vital to the 
patient, the requirements are even more strin- 
gent. The lung, like the heart, has to function 
immediately after transplantation since patients 
with end-stage lung disease will depend nearly 
exclusively on the graft. 


Length of Lung Tolerance for 
Normothermic Ischemia 


The lung’s functional tolerance for normother- 
mic ischemia is rather limited (Fig 1). Blades and 
his group [3] noted that pulmonary function de- 
teriorated rapidly and that after 30 minutes of 
ischemia the lung was not able to function 
adequately. Hankinson and Edwards [20] found 
a tolerance for normothermic ischemia of 1 hour, 
and Borrie and Lichter [6] reported 2 hours of 
ischemia tolerance. In general, one can assume 
that the collapsed lung tolerates 30 minutes of 
ischemia at body temperature without impair- 
ment of function. As shown by Veith and his 
group [62], this period can be extended to 3 
hours when the lung is ventilated and to 4 hours 
when it is inflated. In Veith's experiments the 
contralateral pulmonary artery was ligated im- 
mediately after the period of ischemia to make 
the animal completely dependent on the lung 
previously rendered ischemic [62]. Similar ex- 
periments were done earlier by Stevens and his 
associates [43], who noted that the survival of 
dogs could be extended over 24 hours after the 
transplantation of a lung that had been rendered 
ischemic for 24 hours if the lung was ventilated 


488 The Annals of Thoracic Surgery Vol 23 No 5 May 1977 


ES Tested in vivo with contralateral 
ES pulmonory artery ligation 


7 Tested in vivo witnout contralateral 
LEZ 


pulmcnory artery ligation 


Status of the Lung 
During Ischemia — 


Deflated....... 
Ventilated... 2... [SEIS 
Inflated........ 
Ventilation with PEEP 
o 1 2 3 4 N*- 0 


ka 





Hours of Ischemia 


Fig 1. Comparative effects of deflation, inflation, and 
ventilation on the tolerance of the lung to 
normothermic ischemia. 


during ischemia. In these experiments the con- 
tralateral pulmonary artery was not ligated [43]. 
These observations have been confirmed in 
primates by Joseph and his collaborators [25]. 
When immediate contralateral pulmonary artery 
ligation was done, baboons were found to toler- 
ate normothermic ischemia for 4 hours in the 
inflated lung and for 5 hours in the ventilated 
lung [25]. | 

It is generally agreed that ventilation en- 
hances the tolerance of the lung to ischemia re- 
gardless of which method of preservation is 
used. Only Ross and Alves [38] obtained differ- 
ent results; they subjected a dog lung to 215 
hours of hypothermic ischemia combined with 
hyperbaria and obtained better preservation (as 
tested by animal survival) with thelung deflated 
than with it ventilated or inflated. There are only 
speculations about the reason for the more 
common finding of a beneficial effect of ventila- 
tion and inflation. Stevens and his associates 
[45] found that prevention of lung collapse 
below the functional residual capacity is suffi- 
cient to prolong tolerance to ischemia. They 
speculated that the surfactant system is dam- 
aged as soon as the lung collapses completely, 
resulting in severe depression of pulmonary 
function after reestablishment of flow [45]. 
Lately, Fonkalsrud and his group [14] were able 
to increase the survival time to a mean of 51.4 
days in dogs that underwent hilar occlusion by 
the use of 5 cm HO positive end-expiratory 
pressure (PEEP), compared with a survival time 
of 9.3 days with inflation. They claimed that 
ventilation with PEEP increased the tolerance of 


the lung for normothermic ischemia to 10 hours 
[14]. Lungsthat were left in situ after the death of 
the donor could be preserved for longer periods. 
In vitro studies showed that a lung ventilated 
with room air for 6 hours in a cadaver was able to 
provide efficient gas exchange as measured by 
oxygenation of deoxygenated blood [23]. Veith 
and his group [61] showed that a lung that re- 
mains in a donor dog for 18 hours after death 
can provide adequate pulmonary function if 
mechanical ventricular assistance is used in the 
donor. 


Functional Pulmonary Response to 
Normothermic or Hypothermic Ischemia 


Most of the morphological pulmonary changes 
following variable periods of normothermic is- 
chemia are preceded by functional impairment. 
If a lung is subjected to an intolerable period of 
ischemia, pulmonary edema occurs as soon as 
the blood supply is reestablished. If an experi- 
mental animal survives the initial period, a de- 
pression of pulmonary function can be observed 
[44]. 

Fonkalsrud and his group [15] noted that the 
contribution of the left lung to ventilation 
dropped from 46 to 39% as measured 3 days after 
animals had been subjected to 3 hours of nor- 
mothermic ischemia. The left lung contributed 
only 3396 to total pulmonary function if the is- 
chemia was extended to 4 hours, and only 2496 
after 5 hours of ischemia. After a three-week 
period the lung previously subjected to is- 
chemia recovered and again contributed ap- 
proximately 4596 to gas exchange. If the is- 
chemia was extended past 5 hours, depression 
of pulmonary function was more severe (only 
12% contribution of the left lung) and there was 
no recovery after three weeks [15]. These obser- 
vations are similar to the results obtained by 
Garzon and his group [16, 17]: after 24 hours of 
hypothermic preservation the contribution of 
the previously ischemic left lung to total pulmo- - 
nary function decreased to 3396 as indicated by 
minute volume and to 31% as indicated by oxy- 
gen consumption. Following normothermic is- 
chemia, however, the lung was able to recover 
only after a period of ischemia up to 2 hours. If 
the hilar occlusion was extended past this 
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period, permanent loss of function occurred 
[17]. Most authors could not demonstrate a per- 
manent loss of pulmonary function after the 
lung had been rendered ischemic under differ- 
ent conditions. Goldstein and his associates [18] 
found no permanent alteration in minute venti- 
lation and oxygen consumption after hypother- 
mic hyperbaric storage for 24 hours. Similar re- 
sults were obtained by Arnar and his colleagues 
[1] in baboons whose lungs were subjected to 3 
hours of ischemia at room temperature and then 
reimplanted. After temporary depression of all 
variables, the ventilatory function returned to 
normal after several weeks. Only Hino and his 
group [22] observed permanent depression of 
tidal volume, minute volume, and oxygen up- 
take after hypothermic (0-4^C), hyperbaric (3 
atm) ischemia of the lung for 24 to 96 hours. 
Such massive suppression of pulmonary func- 
tion, even if only temporary, would not be toler- 
ated in a clinical situation in which the graft 
carries nearly the entire respiratory load. 

The observations about hemodynamic altera- 
tions are more equivocal. Goldstein and his 
associates [18] did not find any change in main 
pulmonary artery pressure, and Arnar [1] 
showed only an insignificant increase after 
pulmonary ischemia. Hino [22], on the other 
hand, demonstrated a higher pulmonary vascu- 
lar resistance after the lung was subjected to 
ischemia and reimplanted, and found a signifi- 
cant rise in left pulmonary artery pressure on 
occlusion of the right pulmonary artery. Fonkals- 
rud and his group [15] also observed a rise in 
pulmonary artery pressure after the lung was 
subjected to 6 hours of normothermic ischemia. 
Veith and his associates [63] stated that 
functionally adequate transplants have normal 
pulmonary vascular resistance. If the blood flow 
to the transplanted lung is increased by vaso- 
constriction of the opposite lung, the pulmonary 
vascular resistance drops in an adequately 
transplanted lung but rises in inadequate trans- 
plants [63]. In judging the specificity of these 
alterations of pulmonary morphology and func- 
tion, one should keep in mind that similar 
changes are described as a reimplantation re- 
sponse in autografted lungs-not subjected to ex- 
tended ischemia [2, 26, 40, 42, 47, 49, 61]. It is 
difficult to determine whether the depression in 


pulmonary function and elevation of pulmonary 
vascular resistance are due to ischemia, dener- 
vation, or other insults to the lung, or to a com- 
bination of several factors. 


Lung Preservation Techniques 

More precise criteria to define successful lung 
preservation include: (1) maintenance of mor- 
phological integrity, especially of the alveolar- 
capillary barrier; (2) prevention of pulmonary 
function depression, even for short periods; and 
(3) inhibition of the metabolism that prevents 
buildup of metabolic end-products and break- 
down of energy stores, or provision of metabolic 
substrates for aerobic metabolism and the re- 
moval of end-products. 

There are two basic methods of organ preser- 
vation: metabolic inhibition and metabolic 
maintenance. The first can be achieved by 
hypothermia and pharmacological agents, the 
latter by perfusion in vitro or in vivo or by 
hyperbaria. Both methods have been shown to 
be of value in the preservation of kidneys and 
other organs. Kidneys have been preserved by 
perfusion cooling for 30 hours and have 
functioned immediately after transplantation 
[10, 39]. The most successful method for organ 
preservation seems to be pulsatile perfusion, 
which allows safe preservation up to 48 hours 
[50, 51, 53, 54]. When one applies these prin- 
ciples to lung preservation, one should keep in 
mind that immediate and full function of the 
preserved lung is mandatory. Methods of ex- 
tracorporeal support for respiratory insuffi- 
ciency are available and promising, but use of 
the membrane oxygenator cannot be regarded as 
safe, and it should not be considered as routine 
as, for example, hemodialysis [21, 64]. 


Lung Preservation by Metabolic Inhibition 


Metabolic inhibition in preservation of the lung 
has been achieved almost exclusively by 
hypothermia. Freezing of the lung at subzero 
temperatures or by fluorocarbon has resulted in 
massive morphological and functional damage 
that is incompatible with life [32, 36]. Mag- 
nesium ions were the only means ever used in 
pharmacological metabolic inhibition of the 
lung, but the results were not convincing [46]. 
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A prolonged time of ischemia tolerance by 
hypothermic storage was achieved in 1962 by 
Conaughton and his associates [11] and by 
Blumenstock and his group [4, 5]. Conaughton 
and his colleagues subjected dog lungs to is- 
chemia at different temperatures and showed 
that the tolerable ischemia time at 10°C was 6 
hours. Since all dogs tolerated a subsequent 
contralateral pneumonectomy, the pulmonary 
function was assumed to be sufficient [11]. 
Blumenstock and his group [4] preserved lungs 
for 18 to 28 hours at 4°C, replacing the pulmo- 
nary blood with plasma and ventilating the 
bronchus with room air. The histological struc- 


ture was preserved in 4 of 6 animals [4]. Similar ` 


results were obtained by Joseph and his col- 
leagues [25] in baboons, which tolerated auto- 


transplantation with immediate ligation of the 


contralateral pulmonary artery after preserva- 
tion of the inflated lung for 5 hours at 10°C. 
Extension of cold ischemia to 20 hours does not 
result in any changes in morphology or surface 
tension, but reimplantation does yield less satis- 
factory results: only 7 out of 25 animals survived 
7 days [48]. In situ hypothermia obtained by 
perfusion with Ringer's lactate was tolerated for 
2 hours as tested by bilateral allotransplantation. 
Perfusion with cryoprecipitated plasma at the 
same temperature did not extend the tolerable 
ischemia time, while perfusion with Sack's solu- 
tion yielded a preservation time of 5 hours [27]. 
The most consistent results in pulmonary 
preservation by hypothermia have been re- 
ported from the laboratory of Noirclerc [13, 19]. 
Among 48 dogs that received allotransplants 
after a 24-hour preservation, 43 showed im- 
mediate adequate function of the transplanted 
lungs. It should be noted, however, that the 
dogs were not subjected to immediate contralat- 
eral pulmonary artery ligation. The authors at- 
tribute their success to the following details in 
technique: (1) heparinization of the donor; (2) 
flushing of the pulmonary vasculature with 250 
to 500 ml of Collins III solution at a pressure of 40 
cm H5O; (3) ventilation of the lung during flush- 
ing to prevent atelectasis; (4) preservation at 4°C 
with the lung completely submerged in Collins 
III solution; (5) fast implantation to minimize 
warm ischemia; and (6) avoidance of Po, above 
150 mm Hg at any time, because higher partial 


oxygen pressures may induce pulmonary edema 
[16, 22]. Crane and his associates [12] have re- 
cently reported successful transplantation of 
lungs stored up to 24 hours in Collins-Sacks 
solution with immediate ligation of the pulmo- 
nary artery on the contralateral side. 


Lung Preservation by Metabolic 
Maintenance 


Hyperbaria has been added to hypothermia by 
several authors but generally has not been able 
to prolong the safe preservation period notably. 
Blumenstock and his group [5] flushed lungs 
with low-molecular-weight dextran and placed 
them in a hyperbaric chamber with 10096 oxy- 
gen at a pressure of 30 psi at 4" C for 24 hours. The 
lungs were then allografted in 32 recipient dogs. 
Twelve died immediately postoperatively, pre- 
sumably because of technical failures; 2 dogs 
died later from unexplained causes; and 8 dogs 
survived 6 to 72 days. Largiader and his group 
[28, 30, 31] preserved lungs under similar condi- 
tions for 24 hours and reimplanted them with 
good results in 8 dogs. They preserved the lungs 
at 4°C and 3 atm oxygen and used a salt-glucose 
solution containing 5% low-molecular-weight 
dextran, 100 mg per liter of heparin, and 0.0396 
tromethamine adjusted to a pH of 7.4 with 
sodium bicarbonate. They pointed out that oxy- 
gen pressure above 3.8 atm results in oxygen 
toxicity and lung damage [28, 30, 31]. Similar 
results have been obtained since then by several 
authors, and pulmonary function tests in sur- 
vivors showed no permanent alteration [35, 38]. 
However, Brownlee and Couves [7] were not 
able to demonstrate any beneficial effect of 
hyperbaria added to hypothermia, and Jirsch 
and his associates [24] found that left lower lobes 
preserved for 24 hours at 4°C and 2 atm oxygen 
were functionally insufficient when tested as a 
source of oxygenation in an extracorporeal circu- 
lation system. , 
Nonpulsatile perfusion in vitro has been dis- 
appointing: it invariably resulted:in pulmonary 
edema inconsistent with life. In early experi- 
ments Veith and his group [57, 58] showed that 
an isolated lung could be perfused with 
homologous blood for 6 hours with preservation 
of the pulmonary architecture, but longer perfu- 
sion resulted in histological alterations. Van- 
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derhoeft and his associates [55, 56] found that 
hypothermic perfusion is superior to surface 
cooling in achieving homogeneous hypother- 
mia of the lung, but perfusion with a solution 
containing 2 vol per 100 ml of oxygen was unsuc- 
cessful. Most authors noted a weight gain and 
pulmonary edema inconsistent with the life of 
the experimental animal, but after a short period 
changes could not be shown on electron micros- 
copy. The edema usually occurs after 3 to 4 hours 
regardless of whether the lung is perfused with 
electrolyte solution, low-molecular-weight dex- 
tran, or plasma [8, 9, 33, 42]. There are only a few 
reports claiming that perfusion has a beneficial 
effect. Otto and his associates [37] obtained 
slightly better results with perfusion using 
blood diluted with low-molecular-weight dex- 
tran for 2 to 24 hours than with deep hypother- 
mia. The perfusion was tolerated for about 5 
hours [37]. Modry and his group [34] perfused 
13 ventilated left lower lobes with glucose- 
enriched blood at 28°C and demonstrated good 
gas exchange after 16 hours. Transplantation of 3 
Jungs subjected to extended hypothermic perfu- 
sion with heparinized blood at 28°C for 14 hours 
was successful, and the lungs showed normal 
pulmonary function [34]. Figure 2 shows the 
effectiveness of the different methods of lung 


Fig 2. Length of safe preservation following different 
methods of lung preservation. 


preservation. The Table describes the main 
characteristics of several lung preservation sys- 
tems. 

All the previous observations were obtained 
with nonpulsatile perfusion systems. Recently 
some of us [52] subjected lungs to hypothermic 
pulsatile perfusion with different perfusates, 
different perfusion pressures, and different 
forms of ventilation or inflation. The outcome of 
the perfusion was tested in vitro by systolic 
perfusion pressure, flow, vascular resistance, 
weight gain, histological studies, and determi- 
nation of levels of lactic dehydrogenase (LDH), 
lactic acid, glutamic oxaloacetic transaminase 
(GOT), oxygen consumption, glucose consump- 
tion, and pulmonary water content. The best 
results were obtained when the lungs were 
inflated with 10096 nitrogen during perfusion 
with a modified silica gel fraction (SGF) of 
plasma that consisted of 900 ml of SGF, 200 ml of 
salt-poor albumin, and high concentrations of 
glucose and potassium at a systolic perfusion 
pressure of 2.5 mm Hg. After 72 hours the perfu- 
sion flow and systolic perfusion pressure were 
minimal changed, and vascular resistance 
showed only a slight increase after 24 hours. 
There was a moderate decrease in oxygen con- 
sumption, glucose consumption, and pH and 
a moderate increase in weight, LDH, GOT, 
and lactic acid. Histological studies showed 
well-preserved alveolar architecture without 
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Selective Review of the Main Characieristics of Different Lung Preservation Systems 








Preser- Survival after 
Author and Flushing vation Temp Length In Vitro Transplantation Ventilation 
Year Solution System (°C) (hr) Viability Tests (days) Results or Inflation 
Blumenstock et al (4], None (1) H á 18-28 None > 7 (1) Good Room air ventilation 
1962 Serum or < 7 (2) Poor 
Rheomacrodex 
(2) > 7 @) Good 
Adjusted serum 
(3) 
Blumenstock et al [5], Adjusted serum HHO 4 18-28 None 27 Good None 
1965 or 
Rheomacrodex 
Largiader et al [29], Tis-U-Sol, NPP 2 24-48 None 1-7 Poor-fair Oxygen and room air 
1965 . Rheomacrodex ventilation 
Largiader et al [31], Tis-U-Sol, HHO 3 24-48 None 46% > 1 Poor--fair Not specified 
1966 Rheomacrodex 
Veith et al [57], 1966 ACD blood NPP 25 2-6 Blood flow, compliance, Not specified Fair-good None 
vascular 
hemodynamics, gases 
Veith et al [59], 1967 ACD blood NPP 25-38 2 Flow, pressure, A-V O, Not performed Poor Ambient air ventilation 
: difference, compliance 
Garzon et al [16], 1968 Tyrode HHO £ 23-26 None 50% « 7 Fair-good None 
Otto et al [37], 1968 Blood- NPP 3-5 2-24 Histology Perfusion > 7 Good Oxygen and room air 
Rheomacrodex 9-23 Blood gases Ventilation < 6 Poor ventilation 
without perfusion 
Ross and Alves [38], Heparinized HHO 0-4 1 None Not specified Poor Positive-pressure ventilation, 
1969 saline deflation or inflation 
Hino et al [22], 1968 Low-molecular- HHO 0-4, 24-96 Trypan blue cell viability 1-44 Poor None 
weight dextran —15 
Thomas et al [48], 1971 Inosol T NPP E 20-24 Histology, surface tension 7 Fair-good Continuous ventilation 
Castagnaetal(81, 1972 ^ Normal saline H S 0 Histology, pulmonary 8 Good Rhythmic 
Dextran NPP £(?) 4-5 water, dipalmytoyl 4 Poor alveolar 
CPP NPP 5{?} 4-5 lecithin 3 Poor gas ventila- 
tion 
Stevens et al [44], 1972 Ringer's lactate H 10 0 None >14 Good None 
None H 2 6 None >14 Good Inflated with alveolar gas 
mixture 
Rheomacrodex H 25(?) 1-4 None 10, >14 Fair Ventilation with alveolar gas 
below functional residual 
capacity 
None H z4 9.5 None <14 Good Ventilation to prevent collapse 
Modry et al [34], 1973 Heparinized HPP 2 6-21 Gases, arterialand venous Not specified Good Continuous 
glucose blood gradients, weight gain, ventilation 
hemodynamic data, and inter- 
and glucose mittent 
hyperinflation 
Kondo et al [27], 1974 Ringer's lactate H 4 2-5 None 1-8 Poor Lung inflated with alveolar gas 
Sacks' solution H 4 5 None 9 Good mixture 
CPP H 4 5 None 1.5 Poor 
Toledo-Pereyra et al Modified silica HPP 4 24-72 Physical and chemical Not performed Good Nitrogen inflation 
[52], 1975 gel fraction tests, histology 
Crane et al [12], 1975 Collins-Sacks H 4 8-24 None 1-10 Good Room air inflation 
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H = hypothermia; HHO = hypothermia and hyperbaric oxygen; NPP = nonpulsatile perfusion; HPP = hypothermic pulsatile perfusion; CPP = cryoprecipitated plasma. 
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alveolar-capillary disruption or intraalveolar 
hemorrhage. Edema formation was minimal. 
This in vitro model awaits testing in vivo, but 
the new aspects of this study included: (1) low 
perfusion pressure; (2) intracellular perfusate 
nearly totally free of lipoproteins and fibrino- 
gen; (3) high protein content; and (4) high perfu- 
sate osmolarity. All these changes concurrently 
contributed to better in vitro function of the 
perfused lung. 

In short, it is evident that some work still 
remains to be done in improving methods for 
normothermic or cold ischemic protection of the 
lung and in perfecting techniques for successful 
lung preservation. 
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The Annals of Thoracic Surgery 


STATISTICS IN MEDICINE 


By Theodore Colton, Sc.D. 
Harvard Medical School 


This important new book from Little, 
Brown provides the physician with suffi- 
cient statistical expertise to evaluate crit- 
ically the presentation, analysis, and inter- 
pretation of data found in medical litera- 
ture. Written specifically from the point of 
view of the practicing physician, the book 
describes clearly and briefly the structure 
and rationale of most common statistical 
methods, including both descriptive and 
inferential statistics. A special section 
illustrates the use — and possible abuse — 
of statistics with examples extracted from 
prestigious medical journals. Physicians, 
medical students, and researchers in the 
life sciences will find the text invaluable as 
they seek to analyze and understand statis- 
tical data in contemporary medical literature. 





CONTENTS 


Rationale for Statistics in Medicine 


FUNDAMENTALS: Descriptive Statistics * Prob- 
ability * STATISTICAL INFERENCE: Inference on 
Means * Inference on Proportions * Regression 

N and Correlation * Nonparametric Methods 

* Sequential Analysis * Longitudinal Studies and 
Use of the Life Table * STATISTICS IN MEDICAL 
RESEARCH: Clinical Tables * Medical Surveys 

* Fallacies in Numerical Reasoning * Critical 


ORDER NOW Reading of the Medical Literature 


372 pages. Paper, $12.50; Cloth, $17.50 


Little, Brown and Company, Medical Division [] Check enclosed. [] Bill me. 
34 Beacon Street 
. Boston, Massachusetts 02106 
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Please send me copies of Colton's — 


STATISTICS IN MEDICINE 
(Check one) [] Paper, #152501-04083, $12.50 Address 
[] Cloth, #152498-04244, $17.50 





I understand that these books are on thirty- —ŘŘĖ— 
day approval. (Publisher pays postage and C!tY State Zip 


handling if payment accompanies order. 
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every subscriber to THE ANNALS will want 


to own this-beautiful book 


This authoritativemewbook-synthesizes the information necessary 
toplan and perform safe and effective myocardial revascularization. 
Thé authors, who have performed more than 1500 such operations 
with one- to five-year follow-up, draw on their extensive experience 
to present this definitive reference-and atlas. 


The table of contents reprinted below and the sample illustrations 
above"and on the facing page show how unusual the book is. 
Essential background information is provided in the first three 
chapters with emphasis on normal-anatomical-and-circulatory vari- 
ations. A chapter appendix containing 25 representative angiograms 
and left ventriculograms, accompanied by an artist’s pictorial 
description of the coronary anatomy and pathology, provides a com- 
prehensive view of landmarks and vessel patterns. 


Selection of patients, step-by-step guidelines for the technical 
maneuvers of the bypass, and the vascular procedures themselves 
are covered in detail. The chapter on postoperative care offers a 
unique checklist of points to consider and measures to be instituted 
for the patient who is not responding as well asexpected. A final 
chapter provides figures on the long-term results ofsome 1500 of 
the more than 2000 bypass operations performed by the authors, 
describing operative mortality and'complications. 


To ordera copy.of this landmark work and major reference, simply 
fill in andimaiLthe order form below. 


165 pages, profusely illus- 
trated with 64 line drawings, 
35 halftone line combinations, 
and 4 two-color drawings 


CONTENTS 


Coronary Arteriosclerosis: The Problem and 
the Surgical Challenge 

Coronary Artery Anatomy, Physiology, 
Anomalies, and Pathology 

Coronary Angiography and Left Ventriculography 
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Selection of Arteries for Grafting 
Cardiopulmonary Bypass: The Apparatus 
and Techniques 

Vascular Techniques 
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Follow-up Studies: The Results of Operation 
Index 
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TO: Little, Brown and Company 
Medical Division 
34 Beacon Street 
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REVASCULARIZATION (#815004) on 30-day 
approval 

If not completely satisfied, | understand that 
| can return the book and owe nothing. 
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(] Bill me. [C] Check enclosed. 

If check acompanies order, publisher pays 
postage and handling. 
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elected physiologic rates. 

The P.A.D. can also pro- 
nde counterpulsation both be- 
ore and after cardiopulmonary 
»ypass. Which means you can 
iow perform counterpulsation 
vithout the need for an intra- 
iortic balloon and additional 
urgery. 

The P A.D. consists of a 
lisposable avalvular balloon 
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nachine. Blood flows from the roller increase in hemolysis. 

yump through the balloon into the aorta. For further information on the 
synchronized pulsation of the balloon is Datascope P. A.D., or to arrange for a visit 
xoduced by the pneumatic action of the by one of our technical representatives, 
Jatascope System 80 Balloon Pump. write or call: Datascope Corp., 580 Winters 


Clinical use of the PA.D? has dem- Avenue, Paramus, New Jersey 07652. Tel. 
ynstrated a marked increase in urinary out- (201) 265-8800 or Datascope B.V., 


put and coronary graft blood flow. And a Kyftenbeltlaan 6, Hoevelaken, Holland. 
marked decrease in the peri-operative Tel. 03495-4514. 
myocardial infarction rate. 

[n addition, there was no significant The Datascope PA.D. 
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Announcing the Datascope Pulsatile 
- Assist Device. (RA.D) 
he first device that produces pulsation 
and counterpulsation from 
your heart-lung machine without 
additional surgery. 
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The universal standard 
for valvular replacement: 


The Björk-Shiley cardiac valve prosthesis, now in 
its 9th year, is supported by a wealth of clinical 
evidence that verifies the quality of its 
performance. For an update-on the experience 
with over 125,000 mitral and aortic valves, 

please contact your Shiley technical 
representative or Call: 


x. Shiley Laboratories, Inc. 
Í e 17600 Gillette Avenue 
irvine, California 92714 


(714) 979-0500 
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Space Age Microbicidal Powe 


For optimal preoperative skin degerming — BETADINE Surgical Scrub. Chosen 

* by NASA for Apollo 11/12/14 splashdowns, BETADINE Surgical Scrub provides 
a golden microbicidal lather for prepping the opẹrative site... SL LR both gram- 
positive and gram-negative bacteria (including antibiotic-resistant strains), fungi, 
viruses, protozoa and yeasts... promptly achieves full microbicidal effect with 
each usage. (In the rare instance of local irritation or sensitivity, discontinue use 
in the individual.) 
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To enhance antisepsis— BETADINE Solution or BETADINE Aerosol Spray. After 
initial prepping with BETADINE Surgical Scrub, paint the Operative area with 
BETADINE Solution (chosen by NASA for the Skylab mission), or spray with 
BETADINE Aerosol Spray...both are fully microbicidal and film-forming... 
maintain microbicidal activity in the presence of blood, pus and serum...treated 
area may be bandaged, taped or covered by a cast. 


To help maintain postoperative antisepsis— Reapply BETADINE Solution or 
BETADINE Aerosol Spray after suturing and during redressing. BETADINE 
microbicides are virtually nonirritating and do not stain skin and natural fabrics. 
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